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ained any ching obſcure, I have 
ltered the paſſage in ſuch a manner 
18 I hope will preclude all heſitation 


ew caſes where 1 perceived any dif- 
culty of this ſort, it aroſe from too 
loſe an adherence to the form of ex- 


s ſo little the fault of Spallanzani' 8 
anner of writing, that thoſe who 


AD VE RTISE ME NT. 


N this 1 new Edition I have endea- 
voured to make conſiderable | im- 
rovements.. Wherever there re- 


bout the author's meanin In che | 
g. 


refſion in the original, for obſcurity Us 


| 
=” 
j 


are unacquainted with the ſubject may 
derive as much information from the 


gifts, if they will only take the trou- 
ble of making themſelves maſters of 
a very few technical terms. 


5 complain of the uſe of ſome words 


|  tences of uſeleſs words. Mr. -Sene- 
bier, the French tranſlator, has taken] 
125 far greater liberties, and as I do no 

perceive that he has either altered 0 


ADVERTISEMENT. 


following work as profeſſed phyſiolo- 


The reader may much more j juſtly 


than were neceſſary to convey. the 
ſenſe, a fault into which the author 
was undoubtedly betrayed by his de- 
fire of being perſpicuous. This fault 
I have endeavoured to leſſen: 1 in ſome 
meaſure, by diſencumbering many ſen 


darkened the ſenſe, he ſeems to have 
done right. Ihhave 


id 


a ve 


I have moreover attempted to ſub- 
ſtitute in the L place of thoſe foreign 17s 
idioms, with which the firſt edition 


abounds, arent more corform- 


able to the n of the * 


language. . 1 


As the former ſhort and imperfe& 
ſketch of Spallanzani's writings ap- 


peared to be not unacceptable to the 


greater part of readers, I have im- 
proved and extended it. 1 have alſo 


added ſome obſervations relating to the 
ſubjects of the firſt and ſecond volume. 


Theſe additions, together with an ac- 


count of the application of the gaſtric | 

nquor to medical purpoſes, and ſeveral 
others, are printed ſeparately for the 
lake of the purchaſers of the firſt 
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ADVERTISEMENT: 


| Billion whoſe advantage every author 
is bound in yor ice as well as gratitude 


to conſult, | e "We 


w* 5 4 : 


THOMAS BEDDOES, 
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0 N the firſt and ſecond Diſſertations of this 
volume, I fulfil in part the promiſe I had 
long ſince made in my Profpedfus'cincerning 
imal Re. productions, in which-I announced 

y diſcovery of the pre- exiſtence of the germ 

one ſpecies of frog. This diſcovery is re- | 
ated at length in the firſt diſſertation. That: 1 
o long a ſpace of time has elapſed ſince the 1 
bſervation was made, I conſider as a very D 
ortunate circumſtance; for, having exami- 
ed other animals, and having found that the = 
ame thing is true with reſpect to them, I 1 
ave ſtill ſtronger reaſon for preſuming, that 3 
e exiſtence of the germ in the female beſore | 
xcundation,” is one of the moſt general laws i 
f nature. While we are in queſt of one, 1 
ruth, it generally happens that others offer. | 
hemſelves; as- it were f pontaneouſly, Aa. 
ordingly I have been led by the obſervations, 


bich ſhew the pre-exiſtence * * . 
Vor. It. :Þ 


5 . 
—— . Io pay fe 
e 
3 i 5 i 


: artificial fecundation of various animals, of 


1 1 
to diſcover that an order of animals, con- 
ſidered by naturaliſts as oviparous, is in re- 


ality viviparous. 
The ſubject of my ſecond difſertation i is the 


which the firſt lines may be ſeen in the ſame 
proſpectus. This was accompliſhed by means 
of the ſeminal liquor of the animals them- 
ſelves; and I have ſucceeded as well, as if the 
male himſelf had moan: his Page n 
tion. 34 54 o 
The cloſe e between animals " ve- 
getables, induced me to enquire, whether the 
embryos of plants exiſt in like manner in the 
ovarium before fecundation. From the third 
diſſertation it will appear that this is really 
the caſe. Theſe enquiries have alſo convin- 
ced me, that the fecundating duſt is not ſo 
abſolutely neceſſary as Dotanifts in den | 

ſuppoſe. 7855 
The ſame analogy e Wange to have 
led me to attempt the artificial fecundation of 
plants; for, though ſeveral have undertaken 
ſuch experiments, and ſucceeded in them, | 
know not whether any one has done this with 
truly philoſophical views, and in order to 
diſcover the manner of this wonderful ope- 
ration. To confeſs the truth, I would not 
have avoided this __ if. ene ; 
- another 


CM] 


however, exhorted others to undertake it, and 
at the ſame time have propoſed ſome views 
ie that may ſhew the way to ſucceſs. 

of It is ſaid by many, that fecundation is 


ne Mamong the myſteries of nature; and, like 
ns many of her operations, an object of admira- 


n- tion, rather than of enquiry. Such an opi- 
he Mnion is highly agreeable to the idleneſs of 
c» MWman. In times paſt, I acknowledge that ge- 

neration, both in animals and plants, was 
7e- Minvolved in darkneſs, impenetrable to the hu- 


ler and Bonnet, this gloom has been rendered 


ird much leſs thick. I am very far from think- 
ally Wing that 1 have diſſipated it entirely, yet I 
1n- Mwould fain hope that, by my efforts, it has 
t ſo heen ſomewhat cleared, and that a light, leſs, 


feeble and uncertain, now ſhines through it. 
he following diſſertations will enable the 
earned reader to judge whether this opinion 
s well founded, or merely the offspring of 
elt-love. 


another nature had not prevented me. I have, 


man eye; but, ſince the appearance of Hal- 


ope - isn 
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ENERATION | or THE GREEN „rie 
oder 


nus 1 chuſe to denominate the frog 

in queſtion, from the green hue of 
he upper part of its body, and from its living 
n water, particularly in puddles and ditches, 
heregs other ſpecies live on dry land and 
rees; but of theſe or I Ball have een | 
o ſpeak afterwardss. 

11. The head of W Is furniſhed with 
wo membranous veſicles, which are very 
nuch dilated; when the animal croaks. The 
reat toe of the fore foot has a fleſhy promi - 
ence, which becomes very Por pages at the 
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6 D1iSSERTATION 1. 


ſcaſon/of their amours; the female is deſtitute K 
of theſe parts, and has the back and thighs 8. 
marked with black ſpots, which are ſeldom MF 
viſible in the male. to 
111. This ſpeecies is not to be confounded I th 
with that called by Roeſel rana viridis aqua- Ml 4 
tica. A glance of his beautiful coloured fi- 
gures, will be ſufficient to ſhew that they are I ot 


totally diſtinct. His exceeds all other frogs WI 
in ſize; mine is the ſmalleſt of all, and is 19! 
ſcarce one-third ſo large as Roeſel's; beſides I ne 
his has three yellow ſtripes on the back and fv! 
ſides, which in mine are totally wanting (a). ta 
Iv. The amours of this ſpecies begin inf ©2 
April, and end i in May ; they are, however, u 
influenced by the temperature of the atmo- the 
ſphere; during their continuance the males bel 
maintain an inceſſant craaking. In autumn the 
and winter the immature eggs lie all in the 
ovarium, which is divided into two lobes; J. 
theſe lobes conſiſt of leſſer lobes, each ad ebe 
which is inveſted with a peculiar membrane. bt 
The eggs are of two fizes; ſome very ſmall, *** 
ſo as to be ſcarce viſible by the naked eye 
others ſeven or * times larger ; bot a 
(a) This effential difference was ſtill more apparent when 1. 
cxmg on compare nine with ſanxecl Revlat's, . me b Bc 


the fiſher men. | 
| kind 


DISSERTATION. 7 


te kinds are globular. The ſmaller are of a livid 
ns grey colour; of the larger one hemiſphere is 
white, and the other black. The ſlighteſt 


touch is ſufficient to burſt them, after which 


ed they are reſolves Into 2 eineritious s viſcid li 
4. quor. bitt 
= v. Abe s ovarium of N as Rn as marry 
are other ſpecies, appears to be externally covered 
with black points, which have been the 
1j fource of a memorable miſtake; for Valliſ- 


des peri (a), and other celebrated naturaliſts, have 
uppoſed them to be the rudiments of tht 


a) tadpole. The error aroſe from their being 

contented with firſt appearances, and ſearch- 
ing no further; for the ſpots lying cloſe to 
the eggs, might eaſily induce the obſerver to 
believe that they form part of them, and are 
therefore ſo 13 feluſes. But the matter 


thell is cleared up by the following experiments: : 
bes, i. When the common membrane is removed, 
nee theſe points Kill adhere to it. 2. And if the 


eggs are inſpected one by one, both externally 
and internally, no veſtige of this black ſpot 
can be perceived, If the membrane of the 
ovarium” be examined by the miſcroſcope, it it 

will Oy be een 12 85 theſe ae are _ 


(= a kico-mediche, 12 I, Offervazioni intorao 
le . — 5 ay LR S684 


4 | ſpots 


* 
— K „ 


— 


in the area of the e. and ran the 


8 Mn1isSSERPTATLION: 1. 


ſpring, we ſhall till find them in the Ova- 
mean of the larger ſige, Iv). and they will 
coupled with the female. The individuals of 
by Swammerdam and Roeſel (a2). The male 
climbs upan the back of the female, and 
paſſing his fore legs under her axillæ, brings 
j diſcharged all her eggs. The duration of 


warmth, of the atmoſphere. | When this is 
conſiderable, the female will be at liberty in 


And, e Valliſneri aſſerts, wa W 


* 


ſpots of an irregular ſhape. They are not i 
peculiar to this membrane, for they are found | 


_ 
x the eggs * abba examined in 


rium, but conſiderably enlarged; (ihoſe [ 
be found to be mature, when the male is 


this ſpecies couple exactly like thoſe obſerved 


them to meet upon the breaſt, and there claſp - 
ing his fingers, holds her cloſe, till ſhe has" 


this proceſs is inverſely proportional to the 


five or fix days; but in a cold ſeaſon; the ems 
braces of the male Aires for eight or nine 
days. This I learned by putting frogs in 
large veſſels full of water, when their aniour 
were about to dommence, and confining 
them till -they had diſcharged their eggs. 


C143 x: 


0 Biblia Nature. xl. Nat. Rs, 


pre? W7 wuthoriy 


DISSERTATION, . f 


: uthority of a ſingle. experiment, that frogs. 


Ot 


and Roeſel baye b . 


= vil. It is true, as be * in . 
1 place, that this does not happen when the 
vill Mcmale is kept conſtantly ſeparate from the 
iz male. I ſay conftantly; for if they be pulled 
8 of aſunder when the eggs are deſcended into the 
ved cavity of the uterus, they will þe diſcharged, 
1ale though the female is kept ſeparate, but they 
and vill be barren. _ _ - | 
ing BODE the ſituation of the. eggs, at che 
aſp⸗ time of copulation, be examined, during the 
has arſt days they will be found in the ſac of the 
of Prarium; and, during the ſucceeding, partly 
the n the ovarium, and partly in the oviducts, 
s is nd at laſt all in the uterus, except the ſmall 
y in pnes, which remain attached to the ovarium. 
r he eggs, when in the ovarium, are ſmaller 
nine han when in the oviducts and uterus. In 
s in heſe fit ituations they : are enveloped with that 
urs iſcid tranſparent mucilage, which i is impro- 


ning perly called frog's ſpawn. | 

wm . Of the various trials I have made, in 
the order to aſcertain whether eggs taken from 

Phe ovarium, the oviduct, and the uterus, 


hen the a is embracing the female, 


ority i would 15 


No not diſcharge their eggs in cloſe veſſels, it 
is certain that numberleſs facts prove the con- 
rary, as I, and, before me, Swammerdam 


— 1 CooL DOT » ⅛˙V -l . 
Ne We 
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them in water; whereas thoſe that were ex. 
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— 


would be prolific, I muſt own that not one 
has ſucceeded. As this is a point of extreme 
importance, I repeated my experiments to 
fatiety; and in my journals I find, that 1 have 
opened one hundred and fifty-fix females 
while they were embraced by the male, of 
not one of which did the' eggs ever bring 
foith young, though I immediately placed 


cluded ſpontaneouſly by the female, were 
all prolific. I have even taken further pains, 
The diſcharge of eggs laſts about an hour; 
during this proceſs I killed a female, and put 
the eggs that remained in the body in the 
water into which thoſe diſcharged by the 
animal fell; but the latter produced . 4 
while the foriner became an offenſive putrid 
maſs. From theſe facts I concluded, that the Hatte 
fecundation of the eggs does not take place 
within, but without the body; whence it 
appears how far Linnæus was miſtaken, whe 
he pronounced, in his uſual deciſive tone, 
*« Nullam in rerum natura, in ullo vivente 
corpore fieri fecundationem vel ovi impreg 
nationem extra corpus matris (a).“ 

x. Hence we likewiſe ſee the falſchood o 
the ſtrange opinion of profeſſor Menzius 


(a) See Artedis Ichthyology, part its p. 32. 
| he 


Jn, 


D 1 S'SERTT ATT ION 1. 1. 


vho ſuppoſed that, while the male be 
he female ſo cloſely, the ſeed is emitted from 
the fleſhy prominence of the toe, and paſſing 
hrough many windings unknown to us, pe- 
netrates into the b. and there impreg- 
nates the eggs (a). 

xl. But if in this ſpecies Cath aa takes 
place out of the body of the female, ſhall we 
ſuppoſe that the male ejects his ſemen upon 
the eggs as they are diſcharged (5)? This, 
ith reſpect to other ſpecies, is the opinion 
of Swammerdam, and adopted by Roeſel; 
though he afterwards ſays, that he cannot de- 
termine whether the eggs in the uterus are 
impregnated by the ſemen emitted out of the 
body but afterwards arriving at them. To 
clear up this point, I have paid unremitting 
attention to every phænomenon. As ſoon as 
the eggs begin to be diſcharged, the agitation 
of the female is. extreme; ſhe darts backwards 
and forwards, riſes towards the ſurface of the 
ater, and then ſinks, keeping the hind legs 
conſtantly ſtretched out, and croaking in a 
low voice. The male keeping his hind legs 
cloſe to his body, throws OG into ſtrange 


(a) Generatio wage Jofo; in rana conſpicua. | 
() In the frog, toad, newt, and ſeveral other animals, the 
pgs are diſcharged at the extremity of the alimentary canal, 


contortions, 


* 


12 DISS ERTAT ION I. 


contortions, and accompanies the croaking 
of the female with a kind of interrupted noiſe, 
which I cannot expreſs by words. I more. 
over obſerved, that an obtuſe 'tumid point, 
which I ſuſpected to be the penis, was elon- 
gated, and now and then brought towards the 
eggs neareſt the vent; but I could not per- 
ceœeive any emiſſion from this ſuppoſed penis. 
The ſemen, however, might be in ſuch ſmall 
13 or ſo tranſparent, as not to be vi- 
fible. | 

x11. To determine the 8 1 placed 
fore couples, of which the female was be- 
ginning to diſcharge her eggs, in empty veſ- 
fels. As I knew that in theſe amphibious 
animals fecundation always takes place in 
water, my hopes from this expedient were not 
very fanguine; but fortune was more propiti- 
ous than I could have expected. The male is 
ſo much attached to the female, that, not- 
withſtanding he is taken out- of his natural 
element, he perſiſts in performing his office, 
I now faw that there darted a ſmall jet of 
limpid liquor from the tumid point in the 
vicinity of the anus, upon the eggs hanging 
out at the vent of the female. This pheno- 
menon took place only at intervals, the fe- 
male from time to time diſcontinuing the 
diſcharge of eggs, and the male the emiſſion 


Ol 


— 


DISSERTATION; I. 13 


of ſemen. I was an eye- witneſs of this cu- 
ious ſcene in ſeven couples of frogs taken out 
ff the water; it did not entirely ceaſe, till all 
he eggs were expelled from the uterus. The 
eggs being afterwards put into water, and 
bringing forth young, I heſitated not to ſup- 
poſe, that the liquor emitted by the male was 
eal ſemen; as I afterwards found, by diſ- 
overing it in the veſiculz ſeminales, and 
ſcertaining the point to be the penis. 
x111. The abbe Nollet, in a letter dated | 
ine years ago, alluding to the hint in my 


cedſproſpectus, of my diſcovery of the. exiſtence 
be -f the tadpole before fecundation, expreſſes 
reſ-MWimſelf in 274 männer: What you. fay of 
ousMhe exiſtence of the tadpole, before we can 


derceive any act of fecundation, has particu- 
arly ſtruck me. About thirty years ago, Mr. 
Reaumur and myſelf made many reſearches 
elative to this ſubje&t. We attended for 
eeks very diligently and patiently to what 
paſſed while the male embraced the female. 
remember putting breeches of waxed taf- 
ety on the male, and watching a long time, 
vithout perceiving any appearance that Ges 
joted an act of fecundation.”  _ 

I will not here ſtop to enquire by dad fa 
lity it happened, that two naturaliſts, ſo 
telligent and attentive, failed, 1 in their en- 
ifi6n : quiri 168. 


* ; | | 
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quiries. The idea of the breeches, however 
whimſical and ridiculous it may appear, didff 


not diſpleaſe me, and I reſolved to put it in 


practice. The males, notwithſtanding this 
incumbrance, ſeek the females with equal 
eagerneſs, and perform, as well as they can, 
the act of generation; but the event is ſuch 
as may be expected: the eggs are never pro- 
fic, for want of having been bedewed with 
ſemen, which ſometimes may be ſeen in the 
breeches in the form of drops. That theſe 
drops are real ſeed, appeared clearly from the 
artificial fecundation that was obtained b 
means of them (a). 

xIv. Having diſcovered every thing re 
lative to the ſituation and manner of impreg 
nation, my next buſineſs was to obſerve the 
eggs, till the young animal ſhould appear 
The eggs lie in the centre of a white muci 
lage, which conſiſts of tranſparent ſpherical 
maſſes connected together. Round the egy 
are two concentrical membranes, of whic 
the innermoſt, when pierced with a needle 
diſcharges a fluid as limpid as water. The 
egg is round, and has a ſmooth ſurface, ff 
which one hemiſphere is black, and the other 
white. This is ſeen at Fig. 1. Plate | 
| Ne AI. ſhews fifteen eggs, with their m 


3 (a) See Diſſertation vr 11. 
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lage; - each lies in the midſt. of a circle, 
ade by theſe membranes. To ſee the other 
embrane clearly, the gluten muſt be mag- 
:Ged as at Ne II. C is the external, B the 


iernal membrane, and D the gluten. 


Hull iu, gen by 1 Manrav Mie Fleet hreet. 


xv. When the hot ſeaſon is far-advanced, 
e obſerver ſoon perceives the lineaments of 
e tadpole. The egg grows for ſome hours 
ithout loſing its round ſhape, it is next e- 
ongated; the white hemiſphere becomes 
4 and the black ane into a longi- 
udinal furrow, terminated by two perpendi- 
ular proceſſes. And as it increaſes as well 
bulk as length, the internal circular mem- 
rane is dilated, and contains more fluid, 
ompare N' I. fig. 2. with Ne IL fig. 1. 

By tracing thus the progreſs of evolution, 
e come to perceive that theſe bodies are not 
ggs, as Naturaliſts ſuppoſe, but real tadpoles. 

he furrow and the proceſſes become longer ; 

e ſuppoſed egg aſſumes a pointed figure; the 
hitiſh hemiſphere dilates, and the black is 
acurvated. The pointed part appears to be 
e tail of the tadpole, and the other the bo- 
y. Further, the oppoſite end takes on the 
ppearance of the head, in the fore part of 
Thich the form of the eyes is viſible, though 

ey are yet cloſed. The two proceſſes alſo, 
y which the Sw faſtens himſelf to the 
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ſmootheſt bodies, n it is tired of ſwim 


tige of the aperture of the n and che ru 
diments of the gillss. 

xvi. At firſt the tadpole a not then 
any ſigns of animation, when touched within 
a needle, or ſuddenly expoſed to the rays d 
the ſun, even when concentrated in the focus 


of a lens, he does not become ſenſible: tan 


_ theſe impreſſions, till his organs are furthe 


unfolded: he then gradually begins to move 
and looſen his fetters: at this time it appears 
clearly, that the internal circular membrane 


is the amnion, in the liquor of which the eu 


tadpole floats; the umhilical chord at laſt i nir 
ſeen, . and becomes ſtill more perceptible 
the firſt day -after the animal has quitted hi 
confinement. The cord is not, as in othe 
animals, attached to the belly, but to the re es 
gion of the head. A tadpole at the begin- 
ning of its evolution, is repreſented at N. Ira) 


fig. 2. and N* III. fig. 1. in which at E appea mal 


the little gills. At N' III. fig. 2. is a tad 
pole, magnified with its back turned toward 
the obſeryer. In that at N' III. fig. 3. an mi 
thoſe N' IV. is ſeen the veſtige of the eyes 
and the en cord comin 8 out from be 
* mouth. 


XVI 
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xv11. The reader will probably be ſurpri- 
zed at this deſcription, ſince it appears, that 
the tadpole does not come out of the egg, but 
that the egg is tranſmuted into a tadpole; or, 
to ſpeak more philoſophically, that the egg is 
nothing but the tadpole wrapped up and con- 
entrated, being evolved in conſequence of 
fecundation, and aſſuming the lineaments of 
an animal. Theſe phænomena were new and 
unexpected, for I was firmly perſuaded, that 
he globules of two. colours, ſurrounded: by. 
ucus, were real eggs; all who have written 
oncerning the generation of frogs, as Jaco- 
deus, Valiſneri, and Roeſel, having fo deno- 
inated them. But as greater deference was 
ue to what nature ſhewed ſo plainly, than to 
he authority of the moſt celebrated writers, 
t. is fit to call theſe globules tadpoles or fetu- 
es inſtead of eggs; for it is improper to name 
ny body an egg, which, however cloſely it 
nay reſemble one, takes the ſhape of an ani- 
nal without leaving any ſhell, as is the 0 
ith all animals that come from an egg. 
xVIII. But it was of importance to ex- 
mine theſe globules by experiment before fe- 
undation, as alſo while they were yet in the - 
iterus, Upon the moſt rigorous and exact 
ompariſon it appeared, not only. that the 
pheres of mucus exactly reſemble each other. 
Vor. 5 C in 
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through appear to be homogeneous, If we 


indeed, as the tadpole is evolved, it enlarges 
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in ſize and nature, and the two membranes 
with reſpect to their poſi tion, ſhape and co- 


lour, but that the unimpregnated globules 
are not by any means diſtinguiſhable from the 


© impregnated ones. Upon ſeparating the mu- 


cus and the two membranes, they appear to 
be alike ſpotted with white and black, which 
colours remain in ſome meaſure when the evo- 
lution of the tadpole is complete. The per- 
fect ſimilitude, as well external as internal, is 
very ſtriking. - If a globule be pierced with 2 
needle, either before or after fecundation, 2 
ſemifluid yellowiſh white ſubſtance oozes 
out: if the aperture be enlarged, the whole 
internal capacity appears to be filled with this 
ſubſtance, which loſes its fluidity as the tad- 
pole is evolved, every day acquiring greater 
conſiſtence. If the globules before or a lit- 
tle after they come out of the uterus be put 
into ſpirit of wine or vinegar, or be boiled, and 
then ſtripped of their pellicles, we ſhall find 
ſo many indurated maſſes, which when cut 


next proceed to examine the external parts, 
the pellicle before fecundation is thin and 


tranſparent, properties which it retains when 
feeundation has taken place. Afterwards, 


and thickens juſt as un {kin of 2 animals 
| 


DISSERTATION &: 


grows with etr growth. As the pellicle i is 
ade to adhere to the inſide of the unimpreg- 
ated globule by heat or vinegar, ſo it con- 
inues 4 adhere after fecundation; and it ad- 
eres more and more firmly as the globules 
ole their hape, and acquire that of the 
adpole, > 23 
xix. Hence the identity between the im- 
regnated and unimpregnated globules is ma- 
ifeſt, But the former are — but fe- 
uſes of the frog, therefore the latter muſt be 
> too, and conſequently the fetus exiſts in 
his ſpecies before the male performs the of- 
ce of fecundation. Hence we are led to 
ther conſequences of no leſs importance. 
As theſe ſuppoſed eggs exiſted in the ova- 
ium before their deſcent through the oviducts 
to the uterus, and long before fecundation 
Iv, vIII), the fetus exiſted in the mother's 
ody long before fecundation. 2. Although 
he evolution of theſe fetuſes is never fo con- 
derable and quick, „as after fecundation, it 
„however, perceptible before; for let it be 
onſidered, that the fetuſes in the uterus are 
bove ſixty times larger than they were a year 
efore, when they adhered to the ovarium, as 
have found by comparing them. 3. Beſides 
fetus, the amnion and umbilical woke | 
Xiſt before fecundation. | 
5 2 CH AP. 
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few additions to Roeſel's account, and notice 


ſpecies. 


frog, throw his arms round her thorax, bi 
females eſcape thoſe accidents that happen 
killed before parturition, by the violent com 


tuſions and lacerations upon the breaſt. 
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CHAP. 1. 


GENERATION OF THE TREE-FROG. N 


XX.JN this and the following handing | 
2 ſhall be brief: I ſhall only make; 


ſome miſtakes into which he has fallen, i 
order to compleat the hiſtory of the animal 

The tree- frog is of very ſmall ſize. Th 
back is of a very beautiful green colour. 
viſcid juice, that oozes out from its fee 
enables it to faſten itſelf to the ſmootheſt bol 
dies. In ſummer, it fixes its abode upot 
trees, in the ſpring, it deſcends and repai 
to ſtagnant water, in in order. to propagate th 


xxi. Though the male mounts upon th 
back of the female, and embraces her ve 
cloſely, he does not, like the green aquati 
faſtens his hands under her axillæ. Hence 
the females of other ſpecies, which are oftel 


preſſion of the male, as appears from the con 


XXII. Thi 


#r fun . 


xx11. This ſpecies continues coupled ſome- 
mes, according to Roeſel, three whole days, 
ough at others it is finiſhed in one day. 
hoſe which I obſerved did not continue to- 
ether above a few hours. This difference I 
tribute to the warmer temperature of our 
s, imate, which occafions more perry par- 
ke | rition. 

otic xx111. The ſame naturaliſt n that 
„ring copulation, the female plunges at in- 
nal;Wrvals into the water, and remains immerſed 
dme time: during which, the male approxi- 
ates the extremity of his body to that of 
e body of the female, and that this motion 
always performed with greater briſkneſs, 
hile the eggs are coming forth. He con- 
ſſes that he could never, with all his atten- 
on, perceive the part that characteriſes the 
bale, nor any liquor emitted ons the fecun- 
ation of the eggs. ; 
„rv. Though I could never diſcover any 
rotuberance or papilla, which I could fup- 
oſe to be the penis, yet by taking the ani- 
als out of water (x11), I. have been able to 
row further light on this point. I obſerved, 
at about half an hour before any eggs are 
iſcharged, the ardour of the male became 
ktreme. He would frequently ſtretch out 
e poſterior part of his body, and then bring 
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hen the eggs began to be diſcharged 7 and 


men. When 1 made uſe of the breeche: 


putrefy. This alſo happens if they are take 
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it into contact with that of the female. He 
would then remove it, and ſoon apply it 
again. Theſe motions became more frequent 


continued as long as that proceſs laſted. 

xxv. In the mean time, I could not per. 
ceive any emiſſion of ſemen; but upon lifting 
up the hind part of the male, 1 ſawy A tranſ. 
parent liquor ej jected from the anus at inter- 
vals, which I readily concluded to be the e- 


(x111), the eggs never produced tadpoles: 
and the. breeches were wetted with ſemen al 
before (x111). 

XXV1. Are the eggs in this ſpecies alſo im. 
pregnated only after they are diſcharged? | 
obſerved a flight variation in the preſent caſe, 
Thoſe which are neareſt the vent, are ſome- 
times impregnated before they are diſcharged, 
But the ſingularity of the phenomenon re. 
quires that I ſhould be a little more explicit 
Roeſel juſtly obſerves, that in the female d 
this ſpecics, the eggs deſcend into the ute 
before ſhe is embraced by the male: if the) 
are now taken out, and ſet in water, they: 


out after they are coupled, but before the fe 
male has begun to difcharge any eggs. Bu 


when the, eg has commenced, if tht 


e femal 
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emale be opened, and the eggs of the uterus, 
and thoſe near the vent, are put into ſeparate 
'effels of water, ſeyeral of the latter will 
ſometimes be found to be productive, whereas 
all the former will ſpoil, This is a clear 
proof, that the ſemen ſometimes penetrates 
a little way into the body, whether it is 
hrown ſo far by the male, or rather becauſe. 
the eggs aur fecundated, after their diſ- 
charge, are ſometimes retracted, when the 
female is unexpectedly ſeized by the Song 
and ceaſes ta expel any more, 
8 x$xv11, The eggs are ſmall in proportion to 
he ſize of this ſpecies: one hemiſphere is 
yellow and the other black; when they are 
taken out of the oviducts or uterus, they are 
nveloped in gluten, which circumſtance has 
unaccountably eſcapeg the obſervatipn of 
Roeſel, wha aſſerts, that the gluten is not 
n reMviſible till the eggs have hin twelye hours in 
water. 
xxv1it. Every egg is ſurrounded by a ſphere 
of mueilage, as in No, 1, II, III, of fig. 5. 
pl. 1. The ſphere and egg undergo the fol- 
lowing changes in water, They incrcaſe in 
dulk, and at the ſame time the latter is elon- 
pated, and preſſes againſt a circular mem- 
brane, which lies within the mucus and fbog 
pierces it; ag the elongation increaſes, the 
ä hols 
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of much finer confiſtence, and of courſe leſs 


it is broken, emits a quantity of liquor, and 


. tuberances, by means of which the tadpole 
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hole is enlarged, till at laſt the membrane is 
divided into two concave ſegments: within 
which appears a ſecond circular membrane, 


apt to ſtrike the eye. This membrane, when 


is no other than the amnion of the tadpole, a 
afterwards more plainly appears. Mean. 
while the two ſegments ſeparate entirely, or 
at leaſt cohere but at a few points, and part 
from the amnion without growing any more; 
bur the amnion becomes thicker, and many 
times larger than it was at firſt; as alſo doey 
the egg, on the growth of which depends that 
of the membrane. The gradual enlargement 
is as follows: 

xx1x. When it has heedmae:; n 
longer and bigger, one extremity. thickens, 
and the other becomes finer. While the ob- 
ſerver is intent on theſe changes, he is ſur- 


J 
prized with the motion of the egg; it ſome- Nur 
times turns round, now and then writhes it- Met 
ſelf, ſometimes, it brings together its two ex Ig 
tremities, and then ſtretches itſelf and return ge 
to its original poſition. To theſe unexpec- Ina 
ted appearances another. equally unexpected: 
ſucceeds: from the larger end there ſproutihc 
two proceſſes and ſuggeſt the idea of the pro- Mh 


at- 


aches itſelf to bodies (xv); above theſe ap- 
ar two tumours, which bring to the mind 
e idea of eyes; and eyes appear diſtinctly in 


ane, 
leſs day or two, and it then becomes neceſſary to 
hen hſtitute the notion of a tadpole in the place 


f that of an egg. Let the reader caſt bis 
ye on No. 1v. Fig. 5. and he will ſee a 
hers of mucus, the incloſed membrane. and 
e tadpole not yet evolved. No. 1, 11, 111, 


part ig 6. repr eſents the membrane dividin g into 
ore; % ſegments, which when they are entirely 
nam arted, leave the tadpole No. Iv. at liberty, 
doe hich appears bent No, vi. Meanwhile 


e amnion is ſeen in the dotted circle 1. 
Il of liquor, in which the tadpole floats, 
he two ſegments are ſtill plainer at Fig. 


hai. where two amnions are ſeen diſtinctly, ane 
cens which is entire ſe neg from the ſeg- 
ob NMnents. 

ſur-· xxx. But do theſe tadpales exiſt befare fe- 
me undation as in the foregoing ſpecies? To 
s it Netermine this queſtion, I had only to make a 
2 ex-igorous compariſon between the ſuppoſed 


ggs, after and before impregnation, and I 
nalyſed them in the ſame exact and careful 
Wanneras I had the athers (xv111), and found 
ee moſt perfect reſemblance between them; 
hence it * neceſſary to conclude, that the 

fetus 
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| W the fathale of this s ſpecies | 
before impregnation. - Wit 
nx. Theſe fetuſes are ow and mor the 

ed, though ſtill incloſed in the amnionii he 
where they continue longer than thoſe of th 
| green aquatic frog the time is commonly fix 
or ſeven days; then the rudiments of the gill 
begin to ſhoot. At firſt they ſwim flowhſi 
but as their limbs acquire greater ſtrengt 
and vigpur, their motions become briſker 
Fig. 8. repreſents two tadpoles at the time 
quitting the amnjon, magnified by the mi 
POPE? their gills are ſeen at AA. 
| XXX11, Upon comparing theſe obſerya 
tions with thoſe of Roeſel, I cannot but dif 
ſent from him. The ſum of what he ſays a1 
the generation of the  tadpoles of the tree. 
frog is as follows. 
ir, At firſt. the SET. TEND egg 
grow in bulk only; then the tadpoles, whicl 
now ſeem to conſiſt chiefly of belly, thougl 
the head and tail may be clearly difcerned 
appear diſtinctly. Every tadpole floats uf 
the white of the egg (the mucilage that ſur 
rounds it xxvIII) . The belly is formed b) 
the yolk, ſo the author calls that which! 
generally denominated the egg. At the tai 
appears a velicle, and afterwards anothi 
(from his figures theſe ſeem to be the two 
; ſeg 


gl 
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gments XXV111}; theſe yeſicles then ſepaa 


; all 


nion, 
F the 
gill 
WI 
Ngt! 
{ker 


NE C 


he tadpole being now endowed with motion, 
nd life, takes its nouriſhment from the ye- 


icle at its head, but he confeſſes that be . 
ot know the uſe of the other, | 


xXXIV. Though it is true, that the tad 
ole has at firſt a large belly, it is falſe, or at 


the belly is chiefly formed of the yolk, ſince 
e yolk is the animal itſelf (xxix); it would 
not be leſs abſurd to fay, that the belly « of an 
nimal conſiſts: of the animal itſelt. 


ff the two veſicles, ſhews that he did not 
ion: he probably obſerved at intervals; others 


iſe he muſt haye perceived that they were 
originally a ſphere, which is divided into 


XVIII). 


orceps, he would have found, that - they 
cannot be. ſuppoſed to nouriſh the tadpole, 


ſ] phere 


ate, and one remains at the head and: the. 
mon ther at the tail. Roeſel conjectures, that 


alt a very improper expreflion to ſay, that 


XXXv. His deſcription of the appearance 


nake his obſervations with ſufficient atten. 


wo ſegments by the efforts of the tadpolez 
onſequently they did not appear one after 
he other, but both exiſted at the ſame time 


xxXV1. If he had taken cho up with a 


or as ſoon as they appear, which i is when the 
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ſphere i is divided, they may be removed with- 
out injury to the young animal. 


of it in his hiſtory; this circumſtance the 


ſttte diligence of Swammerdam, in whoſe 


eggs, that are not prolific: they become 


are repreſented 1 in Fig. 5. at ABCD. 


- XXxv11. The part really neceſſary to thi 
animal, and of which the removal is fatal, 
is the amnion, within the liquor of which 
it at firſt floats (xxv111, xXXI). As Roeſel 
does not mention the amnion, it muſt have 
been unknown to him; and although this 
membrane is found in every ſpecies of frog 
and toad, not the leaſt mention is made] 


more ſurprized me, fince it did not eſcape 


footſteps the German naturaliſt pr . to 
tread. 

XXXVIII. He has, knot; nd 
an accident, which happens to tadpoles that 
die in the amnion, or as he expreſſes it to 


ſometimes pointed, ſometimes pear-ſhaped, 
ſometimes oblong,” and' at others narrow in 
the middle, and ſo on. Four ſuch tadpoles 


xxxIx. The tadpoles of this ſpecies re- 
quire great attention. They muſt be kept, 
not merely in clean water, but in that 


which is taken from the places where the 
males and females meet, as from ditches 
| and 
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ith- nd puddles (xx). This precaution was 7 
Por abſolutely neceſſary for other frogs and 1 
oads; ſpring water being ſufficient in theſe 1 a 


aſes. 1 8 
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XL. 1 O0UGH Roeſel mentions but 
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GENERATION OF THE TOAD; DENOMI1: 
i NATED BY RoESEL, BUFo TERRESTRI 
DOR SO. TUBERCUL1S EXASPERA TO; OCV: 
LIS RUBRIS: 


one ſpecies of this ugly and dif: 

guſting animal, 1 incline to believe; that i 
this country thefe are two; this opinion i 
founded on a difference in the external con 
figuration; not to mention a difference uf 
colour, ſome having their backs and ſides d 
a light cineritious hue, with tubercles of 
tan colour, and others of a pale green, wit 
tubercles of a dark red: But notwithſtand 
ing this difference, I ſhall ſpeak of them a 
one ſpecies, for in what relates to generation 
there is the moſt perfect ſimilitude: | 
XL1: Of the whole claſs of frogs and toat 
with which I am acquainted, none begi 
their amours ſo ſooh as the ſpecies in quel 
tion: they are found coupled in the begin 
ning of March, and ſometimes in February 
before all the ſnow is melted, and while t 
watt 


py 
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ater in many places is yet covered with ice. 
he male being about five times ſmaller thin 
e female, cannot nearly bring the toes of his 
re feet to meet over the breaſt, a circum- 
ince before noticed in the green water-frog 
1). He, however, holds her ſo faſt, that 
2 can by no means diſengage herfelf from 
embraces; The females have often got 
t of the veſſels in which I kept them, and 
aped to 4 conſiderable diftance, but the 
ales ſtill kept their ſituation. 

xLII. The eggs, as well as in toads a a9 


"M12 
PRI: 
) EUs 


| dif: 


at iÞ2s, lie at firſt in the great facs of the ova- 
ion M. whence they get firſt into the oviducts, 


d then into the uterus. In which of theſe 


con 

ce iee ſituations are they 1 in the female toad 
des M th red eyes, and dorfal tubercles, at the 
of Winning of her amours? I have found that 
wit are indeed in the oyaria, but ready to 
ſtandWs into the oviducts. Copulation laſts tilt 


em 4 
ration 


are diſcharged, which happens in ten, 
elve, or fourteen; and ſometimes twe 

ys, if the ſeaſon be cold. Such is the 
lour of the males, that after the diſcharge 
finiſhed, and they have quitted the female, 
y will return to her again, and embrace 
for ſeveral hours. This, however, is 
peculiar to toads. I have often feen it 
ppen in frogs. | 


d toad 
begl 
que 
begin 
bruan 
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= . x II. The male, during the whole tim 
. $5 makes a kind of grunting noiſe, which 
6: never heard except at the ſeaſon of his 
= mours. This noiſe becomes louder, when 
= ever attempts are made to pull him away, 
— when any other toad comes near / which 
1 moreover obſerves with a jealous eye, an 
| | _ endeavours to drive "oy by n out hi 
hind leg $, | 
| XI Iv. If the belly of the ful be al 
1 tentively obſerved after ſeveral days of copy 
1 lation, it will be ſeen to move in a very er 
traordinary manner: it {ſometimes dilates toff 
wards the breaſt, which dilatation paſſes gn 
dually downwards; at others the dilatatin 
. begins at the bottom of of the belly, and pr 
3 ceeds upwards. During theſe agitations, th 
' female, now about to. bring forth, evident! 
| | ſuffers conſiderable pain, probably on accoun 
7 of excluſion of the eggs from the ovaria, a 
= their paſſage through the windings of th 
| oviducts, and into the large cavity of the ut 
. rus; for the two laſt mentioned places wi 
| be found to contain eggs, if the female 
FRE opened during theſe alternate ſwellings. 
XL. In frogs the eggs are ſoon diſcharged 
but in toads this is a very tedious proceli 
1 ſe Two cords, conſiſting of a viſcid tranſpare 
0 W and W a number of blac 
4 globule 


at 
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abules, which are the eggs, ſue 3 the 
ent, and are excluded ſo ſlowhy, that the 
ye cannot diſtinguiſh any movement in them; 


Theſe cords, conſiſting of eggs and gluten, 
-rtainly receive their form in the oviducts, as 
a preſs; which may be ſeen upon opening 
e female, as ſoon as'they have advanced a 
55 way into thoſe canals. The time re- 
iſite for the diſcharge is quite uncertain; 
e longeſt I have obſerved was finiſhed in 
irty, and the ſhorteſt in nine hours; it laſts 
nerally more than twelve. A piece of theſe 
ords is repreſented at Fig. 9. Plate II. -Fig. 

d. ſhews a ſmaller portion magnified. 

xLvi. Two entire cords meaſured forty- 
Iree Paris feet; the number of eggs amount- 
| to one thouſand two hundred and ſeven: 
2nce we cannot be ſurprized that the female, 
ter the excluſion of the eggs, ſhould have 

come ſo much ſmaller. | 
xLvIr. Since the ardour of the males is fo 
eat, that they do not abandon the females, ; 
ren when they make their eſcape {xL1), it 
as natural to ſuppoſe, that they would alſo 
dntinue their embraces when I removed them 
m the ſtagnant or ſlowly running waters, 
here they aſſemble towards the end of ſpring, 
order to propagate the ſpecies (xL1), to a 
YDL- 1h D dry 


au, u, e. im e.. 


ut in a few hours they meaſure ſeveral feet. 
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I. dry and ae? ar place, where I could watd 
the manner in which fecundation takes place 
I ſhall relate what I obſerved during mar 
long and tedious inſpections. 

XLV11t. As ſoon as the female begins t 
diſcharge the mucus cords, the male, th: 
before lay cloſe and collected, ſpreads him 
1 ſelf, and ſtretches his hind legs backward 
h towards thoſe of the female, ſtill holding he 
I pPreaſt cloſe with his fore legs. This chan 

of poſture enables him to reach the cords wil 

the extremity of his body, and to NN ther 
with ſemen. 

xLix. And this is not done by a forcib 
emiſſion, but by ſimple contact; for wher 
ever the cord is touched, it appears ju 
moiſtened, as if with a Nen dipped 1 in ſon 
fluid. 

* The male, after having repeated t 
operation many times, with various conto 
tions, becomes weary, collects his body, 2 

jt draws. his hind legs cloſe to his belly. Mea 
while a freſh portion of cord is diſcharged, a 
then the male reſumes his employment, al 
afterwards again returns to his repoſe. | 
thus he goes on, till all the eggs are impref 
nated. 

11. That the act of fecundation conſiſts 
this approximation of the extremity of f 
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body to the eggs, and bedewing them, ap- 
pears from the following proofs: Firſt, if the 
female be killed while ſhe is diſcharging the 
eggs, of thoſe which lie in the uterus and 
dviducts, not one will be prolific, though 
hey be kept in proper water; whereas al- 
oft all the others that have been moiſtened 
ith the ſeminal fluid, at their excluſion 
rom the vent, will produce. Secondly, If 
during the diſcharge the irroration ſhould be 
nterrupted, either by means of breeches, 

XIII). or by the near approach of the ob- 
erver, (for then the male through fear will 
bring his hind legs and thighs cloſe to his 
dody) the portion of eggs then excluded will 
de barren, while the reſt will be found to 
ave been fecundated. 

II. Theſe laſt facts clearly evince, that 
n theſe animals likewiſe fecundation takes 
place without the body of the female. 

LIII. But may not the bodies, which have 
itherto been called eggs, be tadpoles not yet 
nfolded? and if ſo, do they exiſt before im- 
pregnation, as in frogs (Chap. I. and II.)? 
heſe problems were yet to be ſolved, and 
W<quired a ſhort analyſis of the eggs. 

LIV. They are black, and, to the naked 
ye, and even when a weak magnifier is uſed, 
ppear to be * (Fig. 9, 10. Plate II). 

D 2 when 
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when examined with a glaſs of greater power 
they ſeem to be marked with four furrows, 
which interſe& each other at right angles, 
nearly like the huſk of a cheſtnut half open. 
ed, (Fig. 11.): though the furrows are no 
bare, but covered with a very fine tranſpa. 
8 rent membrane, which paſſes very tight rount 
| 3 the reſt of the egg. When this is taken 
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away, we come to the ſkin of the egg; it 
| black, and is lacerated by the ſlighteſt touch; 
Y as is alſo the inſide, which is almoſt fluid, d 
3 [ | a browniſh white colour, and apparently ho 
mogeneous; the particles appear globular 
when obſerved by the microſcope. 


1 Lv. Such is the form and compoſition, x 
9 Po far as the eye can diſcover it, both of the eg e 
| that have been diſcharged and fecundatet 
2F and of thoſe that are taken from the uten 
= and ovaria; excepting, that the latter are d 
| 1 N ſtitute of the mucous en ſmaller, and n 
bY ſo black. 6: 
1 LVI. Wherefore, if we rely upon the i . 
* formation of the ſenſes, we muſt conclud 
| 3 that there is no eſſential difference betwed hes 
YN the impregnated and unimpregnated eggs. | 
Wl  _ Lv11. If we obferve the changes produc. 
= in the former, as we have before done 


frogs, we ſhall find that they are immat 
fetuſes, and exiſt before impregnation. Thi 
N x 45 | 1 ſo 


WEE 


rſt becoming thicker, then longer, and after- 
yards growing thin at one extremity, viz. 
he tail, and becoming round at the other; 
rom which ſpring two appendixes, viz. the 
ills; and in theſe the circulation of the 
blood is very conſpicuous, as well as at the 
doe of the body, At Fig. 14, may be ſeen 
ip of thoſe little bodies, loſing the ſhape 


hey are further advanced at Fig, 15. Fig. 12. 
news ſome of theſe corpuſcles, loſing in- 
leed the form of the egg, but not aſſuming 
hat of the tadpole, and ſpoiling ; this ap- 
hears more at large at Fig. 13: theſe were 
ever ſubjected to the influence of the ICU 
lating fluid. 

LVIII. While the tadpole is thus 1 
he thin membrane, of which we ſpoke at 
Iv. is enlarged in proportion; this mem- 
drane is the amnion, and contains a liquor, 
n which the fetus is ſeen to float; it may be 
ound in the uterus (L1v, LY), and therefore 
xiſts before impregnation. 

LIx. Though the blood circulates in the 


peat, yet not the ſmalleſt motion can be 
xeited, either by puncture, or any other 
N 3 mode 
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don aſſume the form of thoſe little animals; 


f an egg, and aſſuming that of the tadpole ; 


etus (Lv11). and the heart muſt therefore 
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mode of irritation; it is not till the organi 
have acquired ſome conſiſtence, that the ani. 
mal begins to move; in a few days after 
this period it burſts the amnion, and ſwim 
about. 
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ENERATION OF THE FETID TERRES— 
TRIAL TOAD. 


K. Tuns ſpecies, which does not much 

exceed in ſize the green aquatic 
og, (111). agrees in ſome particulars with 
dat denominated. by Roeſel, Bufo terreftris 
adus, but differs in ſo many others, that it 
aſt be reckoned a ſpecies totally diſtinct. 
hey are both nearly of the ſame ſize, and 
hen irritated emit an offenſive ſmell; they 


white, inclining to a green in both, and 
e back to yellow); if we except a liſt of a 
olden yellow colour, which, in the ſpecies 
f Roeſel, runs along the ſpine, but in mine 
ves not appear. But the eſſential difference 
onſiſts in the abſence of the web that con- 


decies deſcribed by the German naturaliſt ; 

that of which I am about to treat, it is 
ery viſible, and of very great ſervice in 
wimming. The ſecond difference lies 1 in the 
8 1 


oreover agree in colour, (the belly being of 


ects the toes of ſo many other amphibious 
d aquatic animals beſides frogs, from the 
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ground; muris inſtar is his phraſe ; wherea 


conſiſts of a loud ſcreaming, but in the latt 


never to rivers, torrents, or quick currents. 
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progreſſive motion upon dry ground, thoſe gf 
Roeſel advancing without riſing from th 


mine leap like frogs. Laſtly, a differend 
of ſpecies may be deduced from the differ 
ence of the voice, which, in the former, i 
exactly like that of the green tree-frog, ani 


is a kind of continued whiſtle. =_ 
xI. The female, in the two other ſpe 
cies of terreſtrial toad, is five times as big 
the male (xL1). But in this ſpecies the mii 
1s ſcarce one third ſmaller than the Rog 
when ſhe is about to exclude the eggs; al 

terwards they are nearly of the ſame "fn 
They alſo agree in colour; but the upper pa 
of the hody of the female is adorned wit 
cineritious ſpots and liſts, from which aril 
ſome very beautiful red tubercules. 

LX11, Toads of this ſpecies live on 
ground all the year, except during the ſeaſi 
of copulation; at which time they repair ih 
the water of pools, ponds, puddles, ditche 


| LXIII. They repair to the water when ti 
ſpring is pretty far advanced, in May, ori 
the beginning of June. Their amours li 
above a month; not that the male embrace 
the female ſo much longer than in the oth 
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pecies, the contrary is rather true; but, du- 
ing all this time, pairs may be found cou- 
led; ſome beginning earlier, and others la- 
er, according as they are inſtigated by their 


n the two other ſpecies of toad, the aquatic 


have a fixed ſeaſon for their amours. 

LxIv. By comparing paragraph LXIII. 
ith XL1. the reader will perceive the great 
difference of time at which the two other 
ſpecies of toad, and that which is the ſubject 


e may infer, that they are naturally differ- 
nt. The former begin early 1 in March, as 
ſoon as the rigour of winter is a little abated ; 

wit whereas the latter requires a warm tempera- 


ture. If the weather ſuddenly changes, the 


of generation, and retreats to dry ground. 1 


ſealſu vas cye-witneſs of a ſingular fact which may 
pair Me related on this occaſion. At the end: of 
tcheſ May, 1777, I perceived upon the ſurface of 


a large pool great numbers of this ſpecies, 


en ſome of which had diſcharged their eggs; 
or ¶Methers were diſcharging them, and others were 
rs l only juſt coupled; all were in motion, and fo 


intent upon their employment, that they ſuf- 
fered themſelves to be taken, without at- 
tempting 


nternal feelings. The ſame thing happens | 


and tree-frogs, fiſhes, and all animals that | 


* this chapter, begin to propagate; whence 


fetid terreſtrial - toad abandons the buſineſs . 
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tempting to eſcape. The males, like the 
green aquatic frogs, claſped the breaſt of the 
females very tight with their fore feet, and 
made a low grunting noiſe, not unlike that 
of the two other ſpecies (xL111). The ſky 
was clear, and in the ſhade the mercury ſtood 
at 16* (a), when an unexpected rain fell for 
two days, and cooling the air, diſperſed all 
the toads, ſo that when I came on the {| 
cond day of the rain, to catch ſome for my 
experiments, to my ſurprize I could not find 
one. I ſoon, however, was aware that the 
had quitted the water, to conceal themſelva 
in the crevices of a neighbouring wall, when 
they continued till the atmoſphere becomuny 


— — 8 


* 


| — | 1 


TV 
warmer, invited them again to the pool, 1 
Lxv. It is the opinion of many naturaliſt 
that the male toad embraces the female fo 
forty days; and ſome think that this is t- 
_ caſe alſo with the frog (45). Having obſerve 
that, in like cat. LL the duration o. 
copulation is inverſely as the heat of the ate. 
moſphere, I can eaſily believe that this maj 7 
be the caſe in cold countries. In temperaſ t 
climates, as with us, it is far otherwiſe. Ti. 
tree-frog embraces the female a few hou, 
De 
(a) Sixty-eight of Fahrenheit. AC 
(5) Swammerdam Bibl. Naturæ. * 
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11), the aquatic about a week (vi); the 
o former ſpecies of toad longer, on account 
the early commencement of their amours. 
will therefore eaſily be believed that, for a 
ntrary reaſon, the embraces of the ſpecies 
queſtion do not laſt long, four of five 4 
inſtance. 

Nothing can be more ſalacious chan the 
ale. He not only adheres moſt tenaciouſly 
the female, but does not even quit her for 
me time after the excluſion of the eggs. If 
is ſeparated by force, he returns to his fi- 
ation immediately, though kept in a nar- 
w veſſel, and under the eye of the ob- 
rver. 

Lxvl. About the ſeaſon at which theſe ani- 
als meet, I procured a large quantity, and 
t them in veſſels almoſt full of water, a male 
d female in each veſſel. In ſome I put only 
female. They were ſoon coupled, ſome 
oner and others later. In two females that 


aliſts, 
le fol 
s the 
ervec 
on d 


ae at ere opened twelve hours after the male had 
s mah egun to embrace them, the eggs had not 
gs t quitted the ovaria; in one that had been 
. Th 


Pupled two days and a half, the ſame phæ- 
dmenon occurred. In another, that was 
dencd at the end of the third day, ſome eggs 
d entered the oviducts, and thoſe neareſt 
je uterus were ſurrounded by mucus. Be- 

fore 
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finall and immature eggs. Theſe obſery 


into them, or the ovaria perhaps burſt, a 


and inferior cavity. Such a rupture m 


gion of the breaſt oppoſite the ovaria. 


fore the concluſion of the fourth day, the egg 
of two other females had all deſcended in 
the aterus, and were completely ſurrounds 
by gluten. The ovaria now contained on 


tions were made upon females embraced 
the male; though the ſolitary ones were key 
for a fortnight, the eggs continued in t 
ovaria. 

LXVII. White I was engaged in theſe all 
periments, a ſingular phenomenon OCcurret 
which muſt not be paſſed over in filence. q 
two females that were opened on the fourt 
day of copulation, I found the eggs of one 
the abdomen, and of the other partly in th 
abdomen, and partly in the thorax, Th 
accident may eaſily be explained. The egy 
were without gluten, and therefore cou 
not have paſſed through the long -windings OF 
the oviducts, and had either never been take 


hence they would fall both into the ſuper 


eaſily be conceived to happen, if we conſid 
the preſſure made by the male againſt the f 


LXVIII. I have already ſaid, that the eg 
about to be excluded having paſſed throu 
the canal, provided by Nature for that pi 


py 
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ſe, were found in the uterus on the fourth 
in (1xv1). In the greater part of thoſe that 
unde ere confined in my veſſels, they began to 
ake their appearance at the vent on the 5th 


1 in the form of cords, as in the other ſpe- 
ed Mes (XIV). Theſe cords continue to be very 


Ke ly expelled till the uterus is empty, which 
ways happens-before the ſeventh day. 


leanwhile the male brought the extremity 


fo his body towards them, from which iſſued 


ure mall jet of liquor; this was the ſemen, as 
idently appeared from thoſe portions of 
xd that were ſprinkled with it bringing forth 
* dpoles, whereas the others ſpoil and turn 
in Mtrid. In like manner the whole length of 
e cords produced nothing when the male 
as clothed with breeches (x111), or parted 
om the female as Yoon as the eggs began to 
excluded. . 
\ trix. As the eggs that were not moiſtened 
A. ith the ſeminal fluid after they were diſ- 
: arged, were unproductive (LXVIII), I may 
e ni 0b4cntly infer, that fecundation takes place 
| fithout the body of the female. I have 
then Preover frequently taken pieces of cord out 
Wh the uterus, and placed'them in water, but 
ever did I ſee one egg productive; this ob- 
trol vation is likewiſe applicable to the eggs 


ings 


at were deſcending through the long wind- 


| . 1 es Ar 1. 
| | Ps ings of the oviducts. Hence might be in. 
7 ; fereed- the phyſical impoſſibility of the egg 
| which were ſhed in the cavities of the thorat 
and abdomen being prolific (LXVII), : as ex. 


| perimefit decifively proved. | 
. Lxx. The cords, upon examination, ap. 
. pear to conſiſt of an almoſt innumerable ſc 
2 ries of eggs, each at a ſmall diſtance from the 
| 1 bother: they are connected by that gluten c 
. : which always encloſes the fetuſes of the fro t: 


and toad, and which is prepared in the cavity 
of the oviducts, for in them the fetuſes, bel 
fore naked, are inveſted with it. The greal 
reſemblance between the phænomena exhibitel 
by the tadpoles that I am about to deſcribe 
and by thoſe already deſcribed (Chap. III, 
renders a reference to figures unneceſſary, 
WL I was curious to know, whether the gli. 

= ten is neceflary to the growth of the egg, 

= |. therefore removed it entirely from ſome, an 
'F rom others only in part, without injuring the 

& amnion, which in this as well as in othe 
ſpecies of frogs and toads, is very conſpicu 
= ous. Thoſe which were quite ftripped d 
'F their gluten, never brought forth young, bu 
=_ ' e others, to which a portion was ſtill lc 
1 adhering, were prolific. When the amnio 
1 began to ſpoil, it was a certain ſign, that tht 
"Mi egg, though yet found, would ſpoil. 
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IXXI. In this ſpecies alſo, the little bodies, 
which we have hitherto called eggs, are tad- 
poles in miniature, as the following proofs 


other eggs, to allow the incloſed animal to 
paſs out, while they themſelves become an 


AN 

11 empty and uſeleſs ſhell; they undergo no 
the other change than an increaſe of bulk, be- 
ten coming flender at one extremity, at which the 
fro tadpole ſoon appears, and round at the other, 


which the eyes, the mouth and gills ſoon 
Whew to be the head; at length life appears 
in theſe fetuſes, they break through the am- 
fetuſes of the other frogs and toads, which 


advanced ſeaſon cauſes the tadpoles of this 


ſpecies to exhibit their different phaſes in 
g leſs than three days, whereas others being 


, auf brought forth at an earlier period, require a 
longer ſpace of time. 


tht Lxx11. During the evolution, I analyſed 


theſe corpuſcles with the utmoſt care, and 
ed compared them both internally and externally 
with others in the uterus and oviducts, but 
11 he could perceive no difference except in ſize. 
From this identity then it may be concluded, 
that as theſe corpulſcles are real tadpoles when 


may ſerve to ſhew. They are not broken like 


nion and ſwim about the water; juſt as the 


likewiſe have at firſt the ſhape of eggs. The 


they are without the body of the female, they 
are 
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cCurrence of the male. 


| for I have found that membrane ſurrounding 


contain any liquid; when they are excluded, 


fluid. In like manner there is reaſon to be- 


ble, when the tadpole floats in the liquor o 


is at laſt quite obliterated. 
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are ſo alſo within it, and by conſequence, that 
the fetus exiſts in the female before the con- 


LXXIII. This is alſo true of the amnion, 


the fetus, when in the uterus; it is then, i in- 
deed, in contact with the fetus, and does not 


it is at ſome diſtance, and full of its proper 


lieve, that the umbilical, cord exiſts before 
fecundation. This organ is indeed not vil 


the amnion, yet it probably exiſts, ſince it i 
attached by one end to the lower part of the 
head of the animal, and by the other to the 
amnion, from which it afterwards ſeparates 
and adheres a little while longer to the tad 
pole; it then decays by little and DER, and 


IxXxIv. I faid, that in order to rear thek 
animals, I immediately put them into water, 
imitating in this the example of the female. 
E added, that except for the tree-frog, we 
water would ſuffice, that ſpecies requiring | 
to be taken from certain ponds or ditche 
(xxx1x). To theſe precautions, I muſt fub- 
join two others, for the ſake of thoſe whe 
may be deſirous of repeating my experiments 

1 pale Fir 
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Firſt, The veſſels muſt not be kept in too 
arm a place, cold being leſs hurtful in theſe 
xperiments than heat: the two firſt ſpecies 
re produced before the cloſe of winter, and 
e water of the veſſels in which I kept them 
as been frozen to a conſiderable depth, 
vithout doing any hurt to the tadpoles. I 
wice increaſed the eold to ſuch a degree, 
hat almoſt all the water was frozen, but the 
adpoles never ſuffered, except when the mu- 
us itſelf, in which they were enveloped, was 
ozen; which never happens, but in a de- 
ree of cold far exceeding the point of con- 
elation. On the contrary, whenever I left 
em ſeveral hours expoſed to the ſun, when' 
he thermometer ſtood at 3 5*, the greater part- 
as ſure to periſh. | 
The next „ 50F--a not leſs important 
an the preceding, conſiſts in often chang- 
ds the water of the veſſels; if this be neg- 
ted, evolution will not begin, or if begun 
ill ſtop; this happens in conſequence of the 
luten becoming putrid, from which a pe- 
:trating miaſma inſinuates itſelf into the ten- 
er and delicate fetus, and deſtroys it either 
efore it ſhews any ſigns of life, or after it has 
en tokens of animation. 
In order to obſerve exactly the amours of 
Wonfined frogs and toads, it is neceſſary to 
Vor. II. A place 
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place fomething to obſtruct the view of thei: ll } 


ſalacious animals, between the veſſel and the { 
obſerver, otherwiſe they are diſturbed at the 


fight of a perſon ſtanding over them, and 


0 
d 
either do not begin to celebrate their nup- h 
b 


tials, or leave them half-finiſhed. 

Nice and faſtidious perſons may perhaps be m 
diſguſted at the frequent mention of an ani- fr 
mal ſo loathſome as the toad. They would w 
doubtleſs have been better pleaſed with re-. { 


marks on ſuch creatures as are more familiar, m 


and may be handled without abhorrence. Bu h: 
whoever purpoſes to explote Nature, con- th 
ceives not diſguſt or predilection for any of af 
her productions, but examines all indifferently, je. 
well knowing, that the ideas of what is % m. 
agreeable, nauſeous, &c. are not in Nature but w. 
the imagination; for every creature, hoy m. 
vile and horrible ſoever it may appear, ba if 
its proper beauty and grandeur, and is the ev. 
proper object of admiration, ſince it is th of 
work of the ſupreme Architect. This dug Ge 
not eſcape the ſage Petrarch, who fings {Wit 


Tutte le coſe di che Mondo e adorno 
Uſcir buone di man del Maſtro Eterno. 


Lxxv. I will cloſe the chapter, by no⸗ 
ticing a fact mentioned by the illuſtrious 
Bonnet in his Corps organi ses, and connectel 


with the preſent 8 1 He tells us, that 
he 
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oY BY: Knete a pool; which, after remaining dry, 
the for ſome time, was ſtored with the ſame kind 
the of fiſh that it contained before, nor could he 
and i diſcover how they came into it. Inſtead of 
having recourſe to fiſhes accidentally dropped 
by cranes for the explanation of the phæno- 
menon, 'he- conjectures, that the fupply came 
from fecundated eggs that had lain in the mud 
vithout being ſpoiled. The inſtance of a 
ſpecies of tufted polype, diſcovered by the im- 
mortal Trembley, of which the eggs may be 
hatched by putting them into water, after 
they have been kept four months in the dry, 


y oO affords a remarkable foundation for his con- 
ntly, jecture; which he further confirms by the fa- 


mous worms of ricketty corn ; theſe, it is 


well known, after having been kept dry for 


how many years, will move again as well as at firſt, 
bu if they are barely wetted. Deſirous, how- 
the ever, on this as well as on all other occaſions, 
s thefWof aſcertaining the truth, the philoſopher of 


Geneva wiſhed that his conjecture might be 
ſubjected to the teſt of experiment, and that 
it might be tried, whether the eggs of fiſhes 
can be hatched after having been kept ſome 
time in the dry. 

rrioulls As ſoon as I had read the work, I made 
\eelMWthe experiment, but without ſucceſs. Of 
ae eggs of _— ſpecies, which I kept in the 
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dry for a month „ nõt one brought forth young; 


indeed this appeared to be impoſſible, for 
moſt of the eggs were deformed and ſpoiled 
by deſiccation. Several years afterwards, be- 


ing engaged in experiments relative to the ge- 


neration of toads and frogs, I put tadpoles 
recently excluded to the ſame trial, and with 
the ſame ill ſucceſs. Hence it appears, that 
in order to explain the phenomenon related 
by Mr. Bonnet, we cannot have recourſe to 
the ſuppoſition, that eggs may be long kept 
in the dry. And I am ſtill more inclined to 
this opinion, from having obſerved, that the 
eggs of fiſhes and tadpoles, newly laid in 4 
ſhallow place, periſh irretrievably if they con- 
tinue in the dry for a few days, notwithſtand- 
ing they are afterwards put in water. I fay 
for a few days, for tadpoles do not die if they 
continue but a little while out of water. 
put ſome tadpoles juit excluded into a dry 
glaſs; for twp or three days the evolution 
went on, they began to aſſume their true ſhape, 


and even to ſhew ſigns of life, but theſe ap- 


pearances diminiſhed gradually, and at la 
they ſhrivelled up and became disfigured amid 
the mucus, which was itſelf turned into 4 
kind of hard glue. 

LXxXVI. But how then are we to explain 
the appearance. of fiſhes where there were 


None 
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none once, and where we know that freſh 
ones have not been brought? The purport of 
this diſſertation does nat, as is evident, lead 
me to the ſolution of this phænomenon, which 
was only mentioned incidentally. And if I 
was obliged to treat of it, it would rather be 
to ſuggeſt doubts concerning its reality, than 
account for it. We know not how any fiſhes 
have got into places that were once dry, and 
are-now covered with water, but is it there- 
fore certain that they did not get there? Are 
we ſure that nobody put them there? Is it 
clear that they themſelves have not found 
ſome ſubterranequs way, or unperceived rill ? 
Muſt we not of neceſſity draw ſome ſuch con- 
cluſion, ſince it is certain, on one hand, that 
the dried eggs of fiſhes are ſteril, and on the 
other, thay fiſhes come only from eggs, 
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LY 


GENERATION OF THE WATER-NEWT, OR 


SALAMANDER. 


LXXVII. Y des were made 


upon two fpecies of newt, 
One has the lower part of the body tinged 


with a very beautiful orange colour, inter- 


ſperſed with black ſpots of an irregular ſhape; 
the ſides and back have a ferruginous ground 
with grey ſtreaks; the length of this ſpecies 
is four inches and upwards, and the thickneſ: 
about ſix lines. The other ſpecies, beſides 
being ſhorter and leſs bulky in proportion, is 
diſtinguiſhed from the former by a liſt of a 
golden yellow, which bounds the ridge of 
the tail, and in females paſſes upwards along 
the ſpine, and reaches as far as the head. In 
both theſe ſpecies the males differ from the 
females, not indeed in the external parts of 
generation, which are alike in each ſex, but 
in being provided with a dentated, membra- 
nous prominence, running longitudinally 


along the middle of the back; as alſo ina} 
double ſilver- coloured band, which adorns 


the 
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the tail of the male, but is not perceptible in 


that of the female. Theſe two ſorts of newts 


arc the ſame which, in reſearches of another 


nature, were the ſubjects of thoſe beautiful 
experiments on the 30 of the limbs, 
the circulation of the blood, and other inte- 
reſting topics, diſcuſſed i in my denn works al- 
ready publiſhed. 


LXXVIII. During ſpring and finance theſe | 


little quadrupeds liye in ſtagnant, never in 
running waters; at the approach of winter 
they conceal themſelves under ground, with- 


in the clefts of ſtones, and even in vaults; - 


many of them, however, abide in the water- 


during the whole winter, and more eſpeci- 


ally in ſuch as ariſes from ſubterraneous 


warmth in the keeneſt colds, - 


aquatic by me, are, however, capable of living, 


— 


ſprings, and preſerves a ſenſible. degree of 
Hence | it ap- 
pears, that our newts, though in general na- 
tives of water, and therefore denominated 


and in reality do live upon dry ground; and 


for this reaſon _y may alſo be juſtly termed 


amphibious, 
LXXIX, The comparative ſtate of the a, 


ſon at which they diſappear from the waters 


(either deſcending to the bottom, or elſe 
tranſporting themſelves to dry ground, 


LXXVIII) in autumn, and of that at which 
| they 
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they re- appear on the approach of ſpring; i 
worthy of notice. Before the middle of Oc. 


tober, while in our climate the thermometer 


in the ſhade has ſcarce fallen ſo low as tem- 
perate, they all or almoſt all retire out of fight, 
and axe loſt; whereas, on the other hand, 
they begin to make their appearance, either 
by rifing to the ſurface of the water, or ſwim. 
ming in it towards the middle of February a 
thereabouts, although at this time it continue 
to freeze almoſt always during the night, and 
in the day- time the thermometer in the ſhade 
is ſeveral degrees below temperate. Nov 


whence ariſes this early diſpoſition in newt 
to quit their retreats, while the winter is not 


yet over, whereas in autumn they go in quel 
and take poſſeſſion of them, notwithſtanding 
the ſeaſon long continues mild? Does it ſpring 
from the ſtimulus of hunger produced by 
their long faſt during the winter months! 


Or may it more juſtly be imputed to anothaſ 


principle not leſs active than hunger, via 
that by which the individuals of different 
ſexes are determined to ſeek each other fa 
the purpoſe of propagating the ſpecies? It i 
at leaſt certain, that in ſpite of the coldneſ 
of the ſeaſon, which, however, prevents then 
from ſhewing ſuch vivacity, ſuch fire and 
_— as they afterwards diſplay, the male 

| | begin 


* 


* 


Jy i 
Oc. 


nete ſtance which is never obſerved ep at the : 
tem- time of their amours. 
ight, LxXX. Theſe appearances in F edruary are, 


)and, 
1ther 


e only preludes to their future nup- 


and till about the middle of April; this how- 
ever depends, as we have already ſeen in frogs 
and toads, on the greater or leſs warmth of 
the ſeaſon, which accelerates or retards their 
amorous encounters. Theſe encounters are 
conducted in this manner: the male purſues 
the female, which at firſt makes a ſhew of 


then approaches her in ſuch a manner, that 
the lower part of his head comes in contact 


and this is done while the animals are in ſuch 
a poſture, that their bodies form an angle, 
of which the point is made by the union of 
the two pro i Sometimes, however, the 
poſition yaries ; ſome males, inſtead of pla- 
cing their head on that of the female, only 
join muzzle to muzzle; the bodies of the 
male and female are always near together, ſo 
that the angle made by the two heads or muz- 
zles, is very acute. Then the male erects 


Idnek 
them 
re and 


male that dentated membranous prominence which 
begin 7 Rn | lies 


\ 
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begin to chaſe the females, to ſurround and 


to careſs them after their manner, a circum- 
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tials. Theſe are properly celebrated in March, 


flying, but ſoon ſtops of her own accord. He 


with the upper part of the head of the female; 
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lies on his back (Lxxv11), agitates it in an 
odd manner, and moves it from left to right, 
nearly as a mettleſome ſtallion waves his mane; 
he alſo moves his tail briſkly, bends it in a 
tortuous manner, and as he waves it about, 
ſtrikes very gently the ſides of the female, 
which continues without motion. Some- 
times the male, in order to preſerve his po- 
ſition, and at the ſame time to laſh the female 


=_ -. With his tail, graſps with the toes of his fore- 
3 | feet the graſs at the bottom of the ditch, or 
_=_ ſmall twigs, or whatever elſe will ſerve for 

| T3 a ſupport, remaining always immerſed in wa- 


ter along with his companion: and while he 
thus gently laſhes the female with his tail, he 
emits from the aperture of the anus, now un. 

1 uſually tumid and dilated, a copioes jet of ſe- 
wo men, Which mixes with the water, and thus ce 


bt. diluted, arrives at the vent of the female, Wi: 
; which likewiſe, on this occaſion, appears fc 
1 more enlarged as well as wider than uſual, In Wt: 
x tis important operation then, the anus of the I 
male 4s never in contact with that of the fe- Wit 
F male; which alſo always maintains a greater Wf: 
$i or ſmaller diſtance, and never ſhews any part WW 1 
Þ at all characteriſtic of her ſex, After the n 
781 male has ejected this jet of ſemen, he reſts Wt: 
1 for a while, on ſome occaſions quitting the 2 
| | female; he then returns to His employment, 
3K and 
1 . | 
. 0 
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* repeats the contortions of the tail, and 
the emiſſion of ſemen. I have ſeen theſe al- 
ternations continue more than an hour; and 
when they are engaged in this em ptoyment, 
they may be approached and mike with the b 
hand, almoſt without being aware of what "Y 


happens to them. - And ſometimes the male, 1 
po- trom his agitation and contortions between 1 
nale the fingers, throws out a ſmall portion of ſe- 9 
re- men, which i is of a very white colour, and in . 
or Nconſiſtence reſembles thick milk. . 1 
for LXXX1. I firſt obſerved theſe curious facts | f | 
wa- in places where the newts naturally afſemble ; 4 
e he {hand ſport together, viz. in ponds, ditches, - q 
, he FWpuddles, &c. afterwards I obſerved over again 1 


the ſame things at home in veſſels full of wa-. 
ter, more commodiouſly and with equal ſuc= - I 
ceſs, exactly in the ſame manner as I had ob 


nale, ſerved the generation of frogs and toads. I . 
zears ¶ found that this fingular mode of impregnation 

. In takes place in both the ſpecies of newt which | 'Y 
f the I have deſcribed (Lxxv111). Upon the whole 2 
e fe- it appears then, that copulation is not neceſ- vx 
eater Wſary to the fecundation of theſe animals, and 4 
part ] can aſſert with confidence, that among the | 4 
- the many thouſands which I have obſerved at the 9 


reſts ¶ time of their amours, I have never ſeen a ſin- 
; the Woe Pie in FOR not . oy for the 


nent, ee purpoſe 


, 
7 
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<< 


purpoſe + of generation, but on aan. other 
_ pecaſion.' © EY 
Being well aſſured, that with de ty 
exceptions from certain rules ſuppoſed to he 
general, diffidence and caution can never he 
carried too far, I was very deſirous of remo. 
ving all ſuſpicion, I have been ſeveral time 
a ſpectator of the copulatian of wall-lixard 
which happens in April and May, and ma 
be ſaid to laſt a ſingle inſtant, In the clearel 
8 days, and in places moſt expoſed to the ſun, 
= the male runs after the female, and when he 
4 has overtaken her, he twines himſelf about 
her, and unites his genitals to her's, but thi 
union may be termed momentaneous, after 
which the two animals part, Do newts alſo; 

| which on account of ſome reſemblance, an 
= likewiſe called water-lizards, during thei 
1 amours as deſcribed above (Lxxx), do the 
Wo alſo, I fay, copulate for a ſingle inſtant ? Al. 
though I kept my eyes fixed on them, ſo that 
the moſt trifling action or ſmalleſt motion 
could not eſcape me, I am quite certain d 
1 having never ſeen them in copulation for 
ſingle moment throughout the whole period 
of e amours. I may even aſſert, that the 
1 genitals of the male were always at the dil 
zance of ſeyeral lines from thoſe of the ſe⸗ 
male; and I have been till more and more 
ET. Cohn 
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therfMconvinced, that no copulation of any fort 
akes place in this kind of animals, but that 
ecundation is effected by that portion of 
emen which the male darts into the water, 


and which afterwards is received into the 


N to 
0 be 
er be 
mo- 


time nus. 5 


arch xx II. 1 made theſe obſervationsi in 2766 

mand 1767, and gave ſome intimation of them 
earl Wn my Praſpectus concerning animal re-produc- 
1 ions, publiſhed in 1768: my expreſſions are 
en he 


he following: / Naturaliſts are not certain 


about vhether newts copulate like the generality of 

t thifWnimals, or in the manner of frogs and toads. 
atter A; ſuch an enquiry is of importance to the 

S alla, ſtory of generation, I have paid great atten- 


-, arciWMtion to it, and in my work ſhall relate all 


therWi1at I have obſerved (a).” 

> the] I was perſuaded that: theſe EIGHT 
: " ere new, for in truth I was not apprized 
O that 


hat any perſon had publiſhed any thing upon 
1otionWhe ſubject. And 1 ſhould ſtill have re- 
ain d 
_ fora 


perioo8WNatural Hiftory, the article Aquatic Newt, 
at tuen the volume printed in 1775, that is to ſay, 
1 4 ſeven years after the publication of my Pro- 
he fe. | 


| more 
Con-. 


(a) Page 77. 
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body of the female, at the n of the 


ained under this perſuaſion, if I had not 
hanced to read in Bomare's Diclionary of 


ſpectus, 
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I was not able to aſcertain whether his ob- 
ſervations are prior or poſterior to my own, 


Found in a ſeparate publication, or were 


* 


& 


ſpectus, in which I found that Mr. Demout 
had turned his attention to the ſame point: 


for want of knowing whether they are to be 


ſimply communicated by the author to Bo- 
mare. However it may be, I acknowledge 
with the moſt unaffected ingenuouſneſs, that 
the painful feelings, which uſually ariſe on 
perceiving that another, without our knowl 
ledge, has begun to reap in our own field, 
have been amply compenſated by the pleaſure 
of finding that the obſervations of the French 
Naturaliſt perfectly agree with mine upon the 
whole, a ſtrong preſumption that the obſer- 
vers have been exact. The ſum of his ob- 
ſervations is, that after various gallantries on 
the part of the male; ſuch as ſtopping the fe- 
male, bending his body in the form of an 
arch in the water, and ſtanding upright with 
his creſt or prominence erected, he opens his 
anus, forcibly compreſſes the region of the 
teſticles, laſhes his companion with his tail 
and now ſqueezing his teſticles with his utmoſ 
force, darts forth the ſeminal liquor,.without 
however being in conta& with the female. 
The liquor ſpreads along her fides, afte! 
Gy clouding the water; Then the malt 

drop! 


- 


8 


drops down as it were aſleep, but ſoon awakes, 
and reaſſumes his former gallantries, which 
are ſucceeded by a freſh emiſſion of n af- 
ter which the two animals ſeparate (a). 

Theſe obſervations, as far as they prove 


Ours 
int: 

ob- 
Wn, 
0 be 


were that no copulation takes place between newts, 
Bo- are confirmations of mine, whatever opinion 
edge is to be entertained concerning any flight dif- 


ference in the accounts of the amorous geſti- 
culations, as well as concerning the few emiſ- 
fions of ſemen obſerved by him, and the nu- 
merous ones - remarked by me (LXXX) : for 
with reſpe& to the former, they are-circum- 
ſtances totally foreign to the main object of 
attention, and as to the more or leſs frequent 
miſſions of ſemen, theſe it is evident might 
depend on the difference of temperament, 
age, and vigour of the animals. | 
LXXX111. In the Lxxx1ſft paragraph I have 
Suppoſed that impregnation was effected by 
thoſe Jets of ſemen which the male emits in 
he vicinity of the female. Let me now ad- 
duce the proof of this ſuppoſition ; but that 
It may be better underſtood, it will be expe- 
dient to premiſe ſomething concerning the 
dvaria, oviducts, and ova of theſe animals. 
hen the abdomen of a female newt is laid 


that 
e on 
now- 
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aſure 
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In the 
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(a) Page 38, 39. 
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little eggs of a yellowiſh white colour; ſmal- 


quantity of eggs, placed in rows, and gene- 


open at any ſeaſon of the year, the two ovaria 
preſent themſelves, containing a multitude of 


ler than huſked millet, and not floating looſe 
in the cavity of the ovaria, but adhering to 
their ſides. The little ova, at the approach 
of ſpring, increaſe inſenſibly 1 in ſize, and when 
they are arrived at maturity, (which happens 
at the time of their amours) they deſcend into 
the oviducts, which conſiſt of two white 
tubes, which extend from the origin of the 
fore-feet to the root of the tail, and include 
the ſpine between them. Both are wrinkled 
and full of curvatures and flexions, when they 
are freed from theſe, and ſtretched in a right 
line, they exceed about four times the whole 
length of the animal. 

LXXX1V. During the ſeaſon of amours, the 
oviducts always contain a greater or ſmaller 


rally more numerous in that part of the duct 
which lies neareſt the anus. And now it is, 
that on ſlight preſſure on the belly, or even 
from the contortions of the animal, when 
they are held between the fingers, the eggs 


commonly come out from the cloaca, juſt a 


we have before obſerved, that the ſemen of 

the male is emitted under like circumſtances 

(Lxxz). The ova, when they quit the ovaru 
3 c 


SFF 


arid and enter the oviducts, become far larger, 


le of Hund they now are inveſted with a viſcid glu- 
nal- en, nearly as in frogs and toads, except that 
oole he gluten which ſurrounds the eggs in the 
g to wo latter kinds of animals is more abundant 


oach Wind more viſcid. When the male has ejected 
vhen 
pens 
| into 
vhite 
f the 


clude 


male, it has inſinuated itſelf into her anus, 
at portion of eggs is fecundated, which is 


art of the oviduct, continues at that time 


nkled nimpregnated, as I found from the follow- 
they g experiment. When the males began to 
right Wurſue the females with eagerneſs, I put the 
hole Witter by themſelves in veſſels full of water. 


s, tho 
naller 
genes 
e duct 


en as uſual; I then again ſeparated the fe- 


it is, ¶ charged (amounting to fix, ſeven, or there- 
even outs) furniſhed me after ſome interval with 
when ing newts, But this was not the caſe with 
egg hers lying higher up in the oviducts, which 
juſt acre brought forth afterwards. ö 
nen ei After the amorous encounters were over, 
ſtance opened a female, and taking the eggs out 


vari the ducts, I put them into water, with 
and Vor. II. | 


he ſemen, and when from its vicinity to the 


eareſt the vent, and about to be excluded, 
id the remainder which lies in the higher 


They, notwithſtanding, diſcharged their ova, 
t they remained barren. I allowed the 
ales to approach, and they darted their ſe- 


ales, when 1 found that the firſt eggs they 
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tlie precau tion, however, of placing thoſe 


forth the ova ſeparate like the other ſpecies 


came to nothing. 


which lay in the vicinity of the anus in a ſe- 
parate veſſel. Theſe produced young, while 
the reſt all failed.” To theſe proofs, which 
in my opinion are deciſive, let me add another, 
The ſpecies of newt, with the golden lif 
upon its back (Lxxv11), inſtead of bringing 


MA Cn nn ** 


roduces little cords, ſometimes of the length 
of two inches, conſiſting of ſeveral dozen 
of eggs. After the male had careſſed one df 
theſe females, I opened the abdomen, an 
took the eggs out of the ducts, which wen 
united together by means of the glue, and 
formed two cords joining at an angle near the 
cloaca. I placed theſe cords in water, and 
marked the end which would have appeared 
firſt with threads. And the eggs at and neat 
this end produced young, while the othen 


— IJ = =) —— fot Gal Lo bs mc a. 


| 


ILxxxv. Though I 1 proved that thei 
eggs are not fecundated, yet it does not fol. 
low they do not become ſo in the ſequel. I 
proportion as thoſe which lie neareſt the anwi 
are expelled, the more remote deſcend an 
take the place of the former, and are impreyf 
nated by new emiſſions of ſemen. The ſam 
thing happens to the moſt diſtant, ſo that al, 


that arrive at * Paſs out of the ovari 
622 and 


— 


I 


* 
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and enter the cavity of the oviducts, are ſooner 
or later fecundated. I had an irrefragable 


proof of this, by attending to ſucceſſive diſ- 
charges of ova, which all produced young 


hoſe 
1 ſe⸗ 
vhile 
hich 


ther | alike. From what has been already advanced, 
1 lit is very obvious to infer, that the males do 
ging not ſoon abandon the females. From obſer- 
ecic vation I have learned, that their amours laſt 
.noth Ml fometimes twenty, ſometimes thirty days, and 


ſometimes {till longer, viz. until the females 
have diſcharged all their mature eggs. For 
as long as any remain in the oviducts, the 


ozen 
ne off 
„ and 
Wen 
„ aul emiſſions of ſemen, and intervals of reſt 


ar th (LXXX). I faid above all their mature eggs, 
aul ſince after the amours of the newts are ended, 
xearelMſtherc remain within the ovaria others of very 
4 neu mall fize, and in very great abundance. 


LXXXVI. Bomare, in the article already 
quoted (LXxxI1), aſſerts that aquatic newts 
diſburthen themſelves of the load of their eggs, 
by laying hold of them with their mouths 


othen 


t thei 
>t fol- 
_ 


e anvMrom the anus, but that as they are expelled 


id anifthey are glued under the tail. The French 
npreg writer will J hope pardon me, if I venture to 
e ſam aſſert that no fable can be more extravagant 
hat ali than this account. If inſtead of being a co- 
ovari 


iſt by prefeſſion, as he appears to be from 


_ and F2 all 


males never ceaſe their careſſes, and alternate 


and feet, and thus promoting the diſcharge 


= 


2 


. 
; 

. 

* 

* 

. 
7 
. 
* 7 
1 
IE; 
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he would have ſeen upon a thouſand occaſions, 


the mouth or feet, and that theſe animal; 


either the one or the other. He would have 


that theſe animals expel them in ſuch a man- 


different purpoſes, in veſſels full of water, | 


He _ that the cry of the water- nent 
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all his publications, he had taken the trouble 


to obſerve Nature, and in conſequence of 


this had enquired into the manners of newts, 


that the eggs are diſcharged and. ſeparated 
from the anus without the concurrence of 


never ſhew the leaſt diſpoſition to employ 


beſides felt with his hands, that far from fol- 
lowing the practice of cray-fiſh, which after 
having brought forth their ova, keep then 
attached to the inferior ſurface of the tail, 


— C7 |. — _ — „ 2 — gt, FEES UTP A 


ner, that they all fall to the bottom of th: 
water. Of the infinite number of newt 
which I have kept in different years, and for 


have never found one individual that carried 
a ſingle egg adhering to the tail, but when 
the water in the veſſels was changed, they 
were always ſeen in an heap at the bottom 
I remarked the ſame thing in thoſe that wer 
wandering at pleaſure about the water in the 
open plains. 

And ſince Iam Speaking of the ele New 
compiled by Bomare, let me point out ano- 
ther of the various errors which it contains. 


ver) 
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very nearly reſembles that of the frog (page 
35), whereas it is ſufficient to be very ſlightly 
acquainted with theſe animals, in order to 
be aſſured that they are quite mute. It is 
only when they riſe to the ſurface of the wa- 
ter, to expel the old air from their lungs and 
to inhale freſh, that the obſerver hears a ſort 
of very low whiſtle, ſcarce perceptible at the 
diſtance of four paces. But in an author, tq 
whoſe lot ſuch inaccuracy and want of diſ- 
cernment have, as numerous other fabulous 
tales, with which his Dictionary abounds, 

ay ſerve to ſhew, ſuch errors are leſs un- 
pardonable. 


after 
them 
tall, 


2 | 
f the LXXXVII. But let us onboged to the Irv | 
newt]Wing, or rather the evolution of newts, another 

ad fo part of their hiſtory not leſs curious and in- 
ter, |Mtcreſting than the preceding. Let us then 


attend to what happens to the eggs after they 
have been brought forth, Theſe, when put 
into water, fink to the bottom; if the wea- 
ther be warm, a quantity of air-bubbles ſqon 
appears upon the gluten which includes them 
_theſe at firſt are very ſmall, but become af- 
terwards larger, and at laſt ſo large, that the 
eggs become lighter than water, and ariſe to 
the ſurface, bringing with them the. collec- 
tion of bubbles ſtill adhering to the gluten: 
ws — then burſt and diſappear, and 


F3 now 
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now the ova fall again to the bottom, and 
riſe no more, being kept down by the gluten, 
which faſtens them to the ſpot on which they 
reſt. If we continue to watch them atten- 
tively, we perceive that their ſhape begins ta 
change. When firſt brought forth, and for 
one or. two days afterwards, they reſemble an 
elongated ſpherule; the ſpherule now begins 
to appear ſlightly curved, repreſenting in mi- 
niature a kidney, or the teſticle of a cock. 
The curvature encreaſes, and the bulk i in the 
ſame proportion, but with this addition 
circumſtance, that one end of the ovum be- 
comes thicker, and the other thinner. In 
the mean time, it acquires twice its original 
ſize. And now it appears not to grow in bulk, 
but only in length; 'and this becomes every 
day more apparent to the ſurprize of the ob- 
ſerver. But his greateſt ſurprize ariſes from 
| ſeeing the egg thus elongated, agitate itſelf 
at intervals with great briſkneſs, and then 
continue quiet: and as this happens without 
any external exciting cauſe, the idea of ani. 
mality neceſſarily ariſes in the mind, and we 
incline to believe that the ſuppoſed egg is i 
real newt, only in diſguiſe, juſt as I hay 
diſcovered that the ſuppoſed eggs of frogs and 
toads are not eggs, but tadpoles in diſguiſe. 
This idea continues to be more and more con- 
- firmed 
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firmed in the ſequel, from obſerving by a kts 


and 
he ſelf-moving egg aſſume the features of a 


ten, 
they mall newt, the tail appearing perfectly for- 
ten. ned, the vertebræ beginning to ſhew them- 


ns ta ſelves as well as the little gills within which 
d for the blood circulates, and hkewiſe two lateral 
le an protuberances, which the obſerver ſuſpects to 
eging be the rudiments of the arms, and the veſ- 
| mi. iges of the head and muzzle, and laſtly the 
cock, utlines of the eyes lying by the fide of the 


n the 
tioml 
n be- 


head, under the appearance of two incon- 
Widerable tumours. Continuing to employ 
he microſcope, we perceive that the little 


In Wcwt is not now circumſcribed by the gluten, 
iginalWÞvt by a tranſparent circlet more internal, 
bulk, hich is nothing elſe than the amnion full of 
every liquor, within which the little animal has its 
e ob- reſidence; its colour is alſo remarkable, the 


from 

itſelf 
1 then 
ithout 


inferior part of the body is white, while the 


upper part is yellowiſh, and interſperſed with 
ſeveral blackiſh ſtreaks, N' I. Fig. 16. Pl. 


III. repreſents a newt's egg in its natural 


Ff ani- ſtate, ſurrounded by gluten; N*II, III, IV, 
nd we V. ſhew the ſame egg ſtripped of its gluten, l 
58 ij and inſenſibly becoming curved and elongated. 
F lull N' VI, VII. TR the body ſuppoſed to 
gs and be an egg, but which from its progreſſive 
ſouile M clongation and evolution, has aflumed the 


real appearance of a ſmall newt, ſomewhat 
fn. HH magnified. 


re con- 


4 


ET TON MN OLI L We? 


magnified. D. fig. 17. ſhews the ſame cir. 


| | 
F 1 cumſcribed by the amnion, which is repre- ll 
| [: ſented by the ſmaller circle, but the whole Wl 
\ 8 was obſerved by a microſcope of greater mag. 
38 nmaifying power. 


284 5 LXXXVIII. As long as newts remain in the 
I amnion, they are never ſeen extended at ful 
Xx length, but always incurvated in ſach a man- 
1 ner, that the tail approaches to the head, a; 
MY may be obſerved in fig. 16. Ne VI, VII. and 
ht at D. fig. 17. It cannot indeed be otherwiſe; 
23, ſince the diameter of the amnion is much 
= | ſhorter than the young newt, they muſt of 
neceſſity be bent. Whilſt they are confined 

in this priſon, they chan ge their ſituation 
from time to time, and always with incredi- 
FRY ble quickneſs, on a ſudden tranſportipg the 
12 head where the tail lay and reciprocally ; ani 
this happens not only when they are ſtruck 
by any ſubſtance, but even when they are left 
undiſturbed. Mean while they increaſe in 
b ſize from the food they take within the am. 
1 nion, but when afterwards that membrane 
.7F can no longer contain them, they burſt it by 
= ' - repeated efforts, and entirely quit their en- 
3B velope, and begin to ſwim about the water, 
1 by the help of quick vibrations of the tail. 
=. have ſeveral times beheld this exit with pler. 
"BY ſure; it recalled to my memory the 5 go 
_ - 8 | ut⸗ 
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dale when they lay aſide the maſk of 
the chryſalis. In fig. 17, 18, 19. are ſeen 
three newts juſt out of the envelope; two 
with their backs preſented, fig. 17 and 19. 
and one laterally, fig. 18. In the ſame figure 
we have two others, ſome time emancipated 
from their confinement, and ſwimming about 
the water. Theſe two young newts, as well 
as the two others that are coming out of their 
envelopes, fig. 17 and 18. ſhew the promi- 
nent rudiments of their fore legs, under the 
appearance af. two little ſtumps. Two of 
theſe are marked C. C. fig. 17. So the letter 
A. in the ſame figure, repreſents one of the 
above-mentioned envelopes. Upon examin- 
ing ſome, which were no longer receptacles 
for young newts, they appeared to be exter- 
nally compoſed of a reſiduum of gluten, which, 
at its internal ſurface, had become callous, 
of the extremely fine and tranſparent mem- 
brane of the amnion, and of a little of the li- 
quor of that membrane, which was alſo tranſ 
parent and flightly viſcid. 
LxXxx1x. My next object of enquiry was, 
the time requiſite for theſe animals to paſs 
from the illufive form of ovum, to the real 
one of newt; this I have found to amount to 
the ſpace of ſeven days, more or leſs. They 
require three or four more before they come 
= "I 
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to burſt the amnion and gluten, and to float 
at liberty in the water. 


f 


In general, to batch theſe iin is more 


difficult, than to hatch the tadpoles of frogs 
and toads. Though the fetuſes of the newt 
(falſely ſuppoſed to þe eggs) are put into pure 
water as ſoon as they are brought forth, and 
this water ſhould haye been taken from the 
very ſpot in which they were depoſited by 
the females, yet few came to perfection, 
unleſs we are careful to change the water 
very often; and even with this precaution, 


there is always, in like circumſtances, a i 
ſmaller number of young newts than tadpoles 


evolved. 
XC, This difficulty does not occur in their 


further evolution and growth. Any kind of | 


water, either pit, rain, river, or lake water, 
will anſwer this purpoſe perfectly well, pro- 


vided it is pure. If there ſhould happen ta | 


be any plant, ſuch, for inſtance, as the marſh 
| lentil, in the water which contains the young 
newts, they will ſurround and nibble it with 
their little'mouths, ſelecting thoſe parts which 
are beſt adapted to their conſtitution. Du- 
ring the progreſs of evolution, the arms are 
unfolded more rapidly than ather parts 
(LXxXXVIII), they become pointed, and are 
bent back towards the poſterior part of the 
* 
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body, as may be ſeen in the two young newts 
at the bottom of fig. 19. but better in fig. 20. 
in which the animal appears magnified. The 
two cones marked C. D. are the two arms; 
above which, and nearer the head, the gills 1 
re are ſeen branched, as alſo two other ſmaller 2 
bundles of gills, E. F. near the eyes; theſe 
ae ſmaller gills appear later than the large ones. 
J Wl The young newts being ſtill kept in water, 
n, about a week after their exit from the egg, 

cr Bl three other very ſmall cones, not far diſtant 
n, from each other, ſhoot from the ends of the 
two former; theſe cones are ſoon perceived 
to be fingers belonging to the little hands, 
The animals now begin to employ theſe fin- 
gers hands, and arms. In like manner as the 
anterior limbs make their firſt appearance in 
the ſhape of two cones, ſo alſo do the poſte- 
rior, which commonly are firſt perceived, fif- 

teen and ſometimes twenty days after the 

animals have quitted their envelope. Nature 

F likewiſe obſerves the ſame progreſs in pro- 

ducing the toes as the fingers; and now the 

newt is able to walk, either along the bottom - 
of the water, or on dry ground. It is well 

known, that the tadpoles, both of frogs and 

toads, loſe their gills a few days after their 

birth, Young newts, on the contrary, re- 

tain 
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tain them long, and I 18 even obſeryed 
them in Auguſt. 

NI. There Rill remains an important en- 
quiry relative to theſe animals, the ſame which 
has been already made concerning frogs and 
toads. At what period may thoſe roundiſh 
bodies, commonly called the eggs of newts, 
be properly termed true fetuſes? Is it when 
they are upon the point of being expelled from 
the body of the female, and conſequently have 
been already bathed by the ſemen ? or {till 
ſoaner, when they he in the upper part of the 
oviducts, where we are certain that the ſe- 
men could not arrive? I flatter myſelf, that 
I have the moſt direct proofs that theſe little 
bodies are real animals, even when they are 
at the top of the oviducts; although when 
taken out of the body of the female, they are 
not deyeloped, but come to nathing, for want 
of the neceſſary condition of being fecundated 
by means of ſemen. Theſe proofs are de- 
| duced from the identity of the impregnated 
and unimpregnated corpuſcles: and I hope 
the reader will be fully convinced of this 
identity, when I aſſure him, that I have ſub- 
jected each to the ſame minute and rigorous 
analyfis, that was employed upon the fetuſes 
of frogs and toads, and which 1s particularly 
| deſcribed in the XVII paragraph; nor 

| could 
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ed could 1 diſcover the ſmalleſt difference, either 
in the internal or external parts, between the 
1- Wl corpuſcles bedewed with ſemen, which were 
ch evolved and became newts, and others not 
nd touched by that liquor which were ſpoiled. I 


uh therefore conclude, that in theſe animals alſo, 


ts, the fetuſes exiſt in the females before ww 
en WK ace impregnated by the male. 

om xcrI. I have ſpoken of the two Fs of 
ve Bi newts deſcribed in paragraph LxXXVII, and 
which have been hitherto the objects of my 
enquiries, as if there had been only one, hav- 
ing obtained from both the ſame reſults in 


moreover add, that theſe reſults have been 
the ſame in another ſpecies of this animal, 
little more than an inch and half in length, 


are and about two lines in thickneſs, of which 
ant the colour is a cineritious ground, interſperſed 
ated with black ſpots; my obſervations upon this 
de- ſpecies were made three years after thoſe 


which are related in the preſent chapter. 

1 have hitherto related my remarks con- 
cerning the generation of frogs, toads, and 
newts, in ſuch a manner, that it does not al- 
ways appear, whether I have made ſuch a 
number of obſervations and experiments as is 
neceſſary, in order to obtain ſafe and conſtant 
reſults. Now the reader may be aſſured, that 


every thing that reſpects generation. I will 


1 have 
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I have done this, not becauſe I was not in 
poſſeſſion with a ſufficient number of facts, 
but in order to avoid creating diſguſt by too 
frequent repetitions. I can alſo aſſure him, 
that every fact has been ſeen and examined a 
great number of times, for I have been 
taught by daily experience, that in natural 
hiſtory, truth can only be attained by the con · ll % 
ſtant ſucceſs of repeated experiments. 
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XCIII. M principal intention in the five 

preceding chapters, was to re- 
late facts unmingled with reflections. I 
vould now deduce conſequences, and lay be- 


may contribute to the illuſtration of the ſub- 
ject, for this is the moſt important Powe: of 
natural philoſophy. 

i. It is well known, that almoſt all ani- 
mals except man, have a ſtated ſeaſon for the 
propagation of their ſpecies. Thus the fe- 
male cat receives the male in. September, Ja- 
nuary, and May. The ſhe-wolf and fox in 
January; the doe in September and October. 
The ſpring and ſummer are the ſeaſons ap- 
pointed for the amours of birds, and many 
ſpecies of fiſhes. The immenſe tribe of in- 
ſects have likewiſe a determinate time for 
petuating their kind; this is the fine part of 
the year, and particularly autumn and fpring. 
The laſt mentioned claſs of beings is ſubject. - 
to a variation that is not obſerved in the 
others. 


AP. 


fore my readers ſuch a train of reaſoning, as 
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others. Unuſual warmth or cold does not 
retard or forward the conjunction of birds or 
quadrupeds; but a late ſpring delays the 


amours of inſets, and an early one forwards 


them. Thus it is obſerved, that in the ſame 


country, the inſects on the moufitains are la- 
ter than in the plains. 

xciv. The variations of heat and cold have 
the fame effect upon the amphibious animals, 
that have been tlie ſubject of my enquiries; as 


upon inſets. They too have, as we have 


ſeen, a fixed time for their amours, but it 
varies according to the warmth or coldneſs oſ 
the ſeaſon. If we compare my obſervations 
on frogs and toads with thoſe of Roeſel, it 
will appear, that 8 order of animals begins 
earlier to propagate the ſpecies in the mild 
climate of Italy, than in the rigorous tem- 
perature of Germany. In his hiſtory, he 
ſpeaks of a very ſmall fpecies of aquatic toad, 
which, from the beautiful flame- coloured 
ſpots that adorn the belly, he calls Bufo ig- 
neus, as copulating near Nurimberg in June. 
This ſpecies is not found in the plains of 


Italy, at leaſt not in the Modaneſe, the Mi- 


laneſe, or the country round Payia. I have 
ſometimes found it on the hills round Mo- 
dena, the male embracing the female in May, 
but I had not an ee of making my 

obſer- 


* 
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terwards, in my journey to Geneva and Swit- 
ve WY zerland, in the ſummer of 1779, I faw a great 


excurſions with the amiable and learned Mr. 
a. enebier, on the eminences that almoſt ſur- 
round that illuſtrious and cultivated city, I 
remarked, that there was not a lake or ditch 
that did not afford reception to great num- 
pers of theſe animals; they were generally 


WI have moreover found them in Auguſt, in 


Zurich, and Lucern, and their amours were 
hen but juſt finiſhed, as appeared from the 
little tadpoles that had lately quitted their 
mucus, and were ſwimming about. Theſe 
animals then copulate much earlier, in Italy, 


ons are well known to be the higheſt part of 
Europe, and by conſequence muſt be cold, as 
de properly introduced here, by the ripening 
plains of Italy, and by thoſe trees, which with 


s will not grow at all, or elſe only in the 
igheſt ſituations, thriving here wonderfully 


obſervations with ſufficient accuracy. Af | 


number of theſe toads. In the courſe of my 


coupled, though it was then the end of July. ; 


many waters in the. vicinity of Berne, Baſil, 


an either in Germany or Switzerland. This 
s not matter of ſurprize, for the Swiſs can- 


perceived among other proofs, which cannot 


f the corn, which is a month later than in the 
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well in the loweſt vallies, ſuch for inſtance ad 


the larch, the beech, the fir, &c. © 


I have obſerved in the tree-frog, and fetid 
terreſtrial toad, in the river at Geneva, juſt 
the reverſe of what I had ſeen in the Bufo 


aureus in Switzerland. In March 1780, ] 


remarked that the two former ſpecies had 


made their appearance, and were coupled in 


the ponds and other reſervoirs of fine gardens 
-near that city, whereas in Auſtrian Lombar- 
dy, they had not yet quitted their ſubterra. 
neous abodes. The reaſon why frogs, toads, 
newts, and the numberleſs tribe of inſectz, 
require a certain degree of atmoſphericil 
warmth, while other animals are not influ- 
enced by it, is, I ſhould think, becauſe the 
latter have an internal fource of heat, which 
animates them, even in the ſevereſt cold, 
whereas the former are almoſt entirely deſti- 
tute of any ſuch ſource. As therefore the 
exerciſe of their functions depends on the heat 
of the atmoſphere, their amours alſo depend 
upon this cauſe, and will of courſe be later 
in cold than hot climates, and i in both will 
vary with the ſeaſon. 
xcv. 11. It has been ſhewn in the prece- 
ding chapters, that the round bodies produ- 
ced during the ſeaſon of generation by the fe- 


male frogs, toads, and newts, that fell un- 
der 


_—— 
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48 der my inſpection, are not, as it has been 


univerſally believed, eggs, but real fetuſes; 
for they are never incloſed in membranous or 
cruſtaceous envelopes, like animals that come 
from eggs, but are quite naked; nor do they 


amnion, Which is the caſe with all vivipa- 
rous animals. It follows, that theſe ſpecies 


rous animals, to which they have been re- 
ferred by naturaliſts and nomenclators, and 


circumſtance here that deſerves to be noticed. 
All viviparous animals have this in common, 
that their fetuſes are at birth full formed, and 
retain the lineaments which they then have 
through their whole life: they are only more 
unfolded. We are further certain, that they 
have long before birth the form of the ſpecies, 
as is evident from human abortions, as well 
as thoſe of beaſts. In like manner, animals 
that come from eggs are formed, not only 
when they are hatched, but long before, as 
we ſee in the eggs of birds, various reptiles, 
crocodiles, &c. If the eggs are broken and 
examined, we perceive the fetuſes more or 
leſs advanced, provided they have been fe- 


G2 1 5 ſame 


ever leave any thell or membrane behind them, | 
after they have been impregnated, except the 


ought to be removed from the claſs of ovipa- 


placed among the viviparous. There is a 


| cundated and ſet to hatch. I have made the 
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ſame obſervation on the eggs of inſects; when 
I found they were nearly hatched, I have fre- 
quently opened the pellicle, and diſcovered 


the embryo formed, and endowed with the 
power of motion. On the contrary, the fe- 


tuſes of the amphibious animals, that have 
been the ſubject of my reſearches, are quite 
ſhapeleſs at the time of excluſion, and have 
only the appearance of globules ; it is not till 
afterwards that the limbs begin to appear, 
and that they aſſume the lineaments of the 
ſpecies. Now I-think that upon reflection, 
I can aſſign the phyſical cauſe of this ſtriking 
difference. The fetuſes of other animals 
have, indeed, at the time of birth, the cha- 


racteriſtic form of the ſpecies, but they do 


not acquire it for ſome time after fecundation. 
They are at firſt ſhapeleſs, as we ſee in birds 
in the egg, which, before they aſſume their 
true figure, muſt undergo the moſt ſurprizing 


changes, as has been ſhewn by Haller, and | 


before him by Malpighi. Fetuſes then, in 
general, are not perfectly formed till ſome 
time after fecundation. Now in the amphi- 
bious animals of which I have been treating, 

' impregnation does not take place till the fe- 
tus is excluded. It is, therefore, no wonder 
that they are ſhapeleſs; it is indeed to be ex- 
pected, chat they ſhould take the form of 
: | tadpoles 
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tadpoles after they are brought forth. And 

we might conclude, that the globular figure 
which theſe animals have, as Jong as they lie 
in the ovaria, might perhaps be the univer- 
{al model for unimpregnated germs, if they 
were not the production of infinite wiſdom, 

and therefore probably infinitely varied. 
XcvI. 111. Though theſe animals are pro- 
perly denominated amphibious, ſince they 
are capable of living both upon dry ground 
and in water, yet, if we except the common 
frog and the newt, they generally live out of 
the water, and only repair to it in order to 
propagate the ſpecies; and as if conſcious that 
their fetuſes, if brought forth upon land 
would irretrievably periſh, they invariably 
depoſit them in water, the only element where 
they can he unfolded and grow. They do not, 
however, place them in any water that may 
happen to be near; they are never to be ſeen 
in torrents or rapid rivers, but always in 
ditches, lakes, ponds, where the water ſtag- 
nates or runs but ſlowly, The reaſon of this 
is very obvious, A rapid current would carry 


the fetuſes away, for they are ſpecifically 
lighter than water, and by continually ſha- 
king and daſhing them againſt the banks and 
other obſtacles, would deſtroy the greater part. 
The ſame danger does not ſubſiſt in ſtagnant 


waters, 


* 
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waters. Beſides the tadpoles here find their 
food, which chiefly conſiſts of water len- 
til, a plant that does not n in quick 
ſtreams. 

Theſe animals FG as ſa as others, 
| carefally provide for the continuation of the 
ſpecies. In inſects in particular, theſe pro- 


viſions are an inexhauſtible ſubje& of admi- 


ration. The curious obſerver of theſe mi- 
nute beings, is conſtantly ſurprized by the 
care they take to depoſit their eggs, where the 
young are ſure to meet with proper food, 
An immenſe number of both nocturnal and 
diurnal butterflies and moths; come from ca- 
terpillars that live upon various herbaceous 
and woody plants. They never fail to depo- 
fit their offspring preciſely upon theſe plants, 
There is not the leaſt danger leſt they ſhould 
| miſtake one vegetable for another. That 
which comes from the caterpillar of the oak 
never lays its eggs on the elm, and recipro- 
cally- The ſame may be ſaid of other plants; 
for ſhould ſuch a miſtake happen, the cater- 
pillars would die for want of fit nouriſhment. 
Another claſs of inſects, the numberleſs and 
various tribe of flies, affords equal cauſe of 
admiration: they all depoſit their eggs in cer- 
tain ſtated places; ſome in the pith or within 


* 
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the bark of trees, or upon the leaves, or with- 
„in the empalement of flowers; ſome in the 
k ground or in water; ſome upon dunghills, 
in ſepulchres or dead bodies, and others, in 
ſhort, within the body or wwe the ſkin of 
S living animals. 

Equal induſtry 120 enn is een 
in the race of cantharides, beetles, &c. And 
to come to animals, more nearly reſembling 
thoſe concerning which we are enquiring, 
many fiſhes, belonging both to ſalt and freſh 
water, conceal their eggs in places where the 
water is ſhallow, and conſequently more 
warmed by the rays of the ſun; hence the 
young fry is ſooner produced, Beſides theſe 
places generally afford more aquatic inſects, 
the food moſt agreeable ta fiſhes. Turtles, 
which are themſelves amphibious, furniſh 
an example ſtill more cloſely connected with 
the ſubject of theſe diſſertations,” excepting 
that they repair to dry ground, and W 


. 2 their eggs in the ſand. 

wor XCV11, Iv, In the four firſt chapters, I 
Bier mentioned the cloſe embraces of the male 
7 * frogs and toads, This Phænomenon has 


{ af iven File to diſcordant opinions. Valliſneri 
cer. A Thinks, that the compreſſion contributes to 


ichin Fparate the eggs from the ovaria, and to fa- 
- the 84 FLilftate 
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cilitate their entrance into the oviducts (a). 
Swammerdam, on the contrary, ſuppoſes that 
it is more likely to prevent, than forward 


+ their paſſage through the oviducts, as it may 


cloſe their orifices. Hence he thinks, that 
the male does not Fe his embraces, til 
the eggs have paſſed through thoſe canals (b) 
But this can only be determined, by opening 
ſome females at the commencement of theit 
. amours. In ſome ſpecies, indeed, bare in- 
ſpection will ſhew, that the preſſure made by 
the fore-feet of the male, cannot contribute 
to force the eggs out of the ovaria; for they 
do nat come forward upon the breaſt, ' t 
which the chief part of the ovaria lies oppo. 
ſite, but preſs againſt the lower extremity of 
the abdomen, as I have myſelf obſerved in the 
Bufo igneus of Roeſel, and as indeed is evident 
from his figure, I kept two females apart 
from the male, but this did not prevent them 
from diſcharging their eggs. Hence it is 
more than probable, that this would alſo hap- 
pen in the ſpecies; denominated by that na- 
turaliſt, Bufo aquaticus allium redolens; for 
the male does not preſs againſt the breaſ, 
but like the igneous toad againſt the abdo- 
men of the female (c). There ſeems, how: 


| (a) LC (6) Bibl, Nat, by See Roeſel ien 
; ever, 
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4%. Never, ſome ground for believing, that the em- 
bat I braces of the male may contribute to the ex- 
au cluſion of the eggs, in thoſe ſpecies in which 
he claſps the female round the breaſt; as in 


e hole frogs and toads, of which 1 have de- 
11 Wl (cribed the mode of generation in the four 
8 chapters. If the females of the aquatic 


frog be kept ſeparate from the male, I have 
found, that they do not diſcharge their fe- 
tuſes (v11). Here then we muſt conclude, 
that the embraces of the male influence this 
function. 5 | 

Now I know not how this Faden can be 
exerted, except by the preſſure made againſt 
the breaſt, by which the fetuſes are forced 
out of the ovaria, and get into the mouths of 


110g 
heir 

in- 
e by 
bute 
they 
EW 
Ppo⸗ 
ty of 


\ the! che oviducts. But in the tree- frog, not- 
Me withſtanding preſſure is made againſt the 
apart breaſt, it does not contribute to the deſcent 


them Nof the fetuſes, ſince they get into the uterus 
it before the male begins his embraces (xxv1), 
hbap- When I wrote the hiſtory of the terreſtrial 
+ na- toad, with red eyes and dorſal tubercles, I 
for knew not whether the female could bring 
reaſt, forth without the male; and I only ſaid, that 
Abdo- his embraces begin before the fetuſes quit 
how. the ovaria (xL11). I afterwards kept two 
| Wicmales in a veſſel full of water, which, 
gue, without the approaches 1 the male, diſ- 
ever, charged 
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charged their long and viſcid cords, but the 1 
fetuſes all periſhed for want of fecundation, 
If we now compare the facts related in this 
paragraph, we ſhall find, that Swammerdam' 
opinion is not univerſally true; for although 
the embraces of the male are poſterior to the 
deſcent of the fetuſes into the uterus in the 
tree-irog, yet this does not happen in the 
aquatic frog and in toads, Secondly, it wil 
appear, that the ſtrong compreſſion of the 
male is very far from being always, as Valliſ- 
neri imagined, the cauſe of the ſeparation. of 
the fetuſes from the ovaria. We cannot 
therefore on this, any more than on num- 
berleſs other occaſions, lay down any generi 
rule, but muſt be attentive to the variation 
of Nature, in the endleſs multiplicity of het 
operations. 
XCV111. v. I ſhall, perhaps, be aſked to 
oint out the cauſe of the male's perſeyerence 
in his embraces, which in ſome cold coun- 
tries laſt above forty days, as Swammerdam 
obſerved in Holland. It may alſo be en- 
quired, why theſe animals, during their 4 
mours, not only abſtain from food, but di- 
regard their own ſafety, for at this time the 


will not make any efforts to avoid being 
| taken, 


[ 


| 1 can 
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the I can aſſign no other cauſe, but that phy- 
on, Wcal neceſſity which compels the individuals 
this Wc different ſexes to approach each other at 
m's nis ſeaſon. Under the dominion of this in- 
uph Wuence, which, in theſe amphibious Crea- 
the Whures, as in other animals, is probably more 
the hongly felt by the male than the female, they 
the Wo in queſt of each other and copulate. They 
wil Ruft continue coupled till their mutual ne- 
the emties are ſatisfied ; this neceſſity, in the 
Uli. male, conſiſts in the expulſion of the fe- 
n.of Hufes, and in the male, in the emiſſion of ſe- 
nnot When; for the amorous impetus is occaſioned 
um- nd exalted by this fluid, with which the 
neral bermatic veſſels are gradually filled during 
ation Wheir embraces, Their pertinacity may have 
f her Mndeed another origin; they may be afraid, 
Eſt if they ſhould quit their female, ſhe ſhould 
d to Me occupied by another male; we know that 
rence ne brutes are not exempt from jealouſy ; and 
coun” BY have had occaſion to remark, that it is par- 
roam ficularly vehement in thoſe of which we are 
00 peaking. Their amorous ardour, which, at 
Ar his ſeaſon, ſeems to be their only feeling, 
t dil y render them inſenſible to the call of 
; they zunger and to danger. The long adheſion 
being hr the male to the female, and the neglect of 
hemſelves, is not peculiar to frogs and toads, 
] canſWut extends to various other animals, as we 


every 
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every day obſerve in inſets, and in ſome ahi. 
mals of conſiderable fize; as in the turtle, of 
which naturaliſts have obſerved, that the 
male and female continue attached to each 
other for ſeveral days; and in this fituation, 
the fiſhermen eaſily take them together. 
*XCIX. VI. This blind ardour of the mal 
has furniſhed me with an opportunity of at. 
tempting ſome uncommon experiments, with 
an account of which, I hope my readers wil 
not be diſpleaſed. In paragraph xL1 it i 
faid, that if a couple of the ſpecies of tou 
with red eyes and dorſal tubercles, happened 
to eſcape out of my veſſels, when coupled, 
the male did not quit the female, notwith- 


ſtanding ſhe got to dry ground. I was fur 


ther deſirous of knowing, whether a ſepars 


tion could be effected by violence. I ther 


fore ſuſpended a male, by a thread tied to one 
of his hind feet, for a quarter of an hour; he 
would not, however, looſe his hold, not: 
withſtanding the long continuance of this vio- 


| lent attitude, and the weight of the female 


which was ſo much larger than himſelf. | 
next pricked him with a needle in the hin 
legs, the thighs, the back, fides and head, 


till the blood iſſued out at every puncturel 


He would move and writhe, and ſtretch out 
and contract his body, but did not quit hi 
bold 
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old. I afterwards cut the body in various 
arts with ſciſſars: but this expedient Was 
ill ineffectual; nor would he forſake his 
tuation, when I cut away ſmall pieces of 
eſn; 1 even amputated a thigh. without ef- 
ect, and it was not till after thirteen hours, 
at the male, after ſo much torture, parted 
om the female, and expired the Enn 
ſtant. | | 105 
[ put another mals to chis Gale: DYE as 
don as he had claſped her cloſely, cut off 
oth his thighs without cauſing a ſeparation : 
d what is more ſurprizing, the female be- 


each 
tion, 


male, 
f at: 
With 
8 Wil 

it b 
toad 


Penet an to diſcharge the cords three hours. after- 
was ards, and the male, with his blood flowing 
* me time, continue to impregnate them 


ich ſemen, till the whole was diſcharged: 
he impregnation was effectual, and, as 
ual, the e part of the fetuſes were 
olved. 

I ſeparated the male of another cou 3 
y force, and then cut off his two thighs. 
le was left with the female, that it might 
> ſeen, whether he would reſume his em- 
loyment; an event which actually took 
lace, but he died before the excluſion of the 
brds. 

My laſt experiment 8 in cutting off 
e fore· feet of a male, and putting him to a 


female. 


eparw| 
there 
to one 
ur; bt 
|, not. 
11S VI0- 
female, 
elf. | 
ze hin 
1 head, 
ncturels8 
tch oul 
uit hi 
F | hold 
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female. Now the fore-feet enable the mals 
| to claſp the female ſo cloſely: The ſubjeg 
3 of my experiment inſtantly leaped upon he 
back, as if he had ſuffered nothing, ani 
maintained his poſition, embracing her with 
his bloody ſtumps, till he had eee the 
cords — 0 ſeminal fluid. - 
c. I will not enter into the particulars a 
other like experiments, that were made u 
the fetid terreſtrial toad and frogs. I wil 
only obſerve, that they coincided with that 
J have related: the amputation of the limhs 
neither preventing the embraces nor fecun-M 
dation. Nay, even the decapitation of a frog, 
did not prevent either the one or the other, 
It is well known, that theſe animals are ſo te- 
nacious of life, that this operation does nat 
immediately take it away. That of which! 
am ſpeaking was thrown into convulſions, but 
neither the fore- feet nor legs quitted the breaſ 
of the female, which brought forth her fe- 
tuſes in an hour and three quarters, and! 
was an eye-witneſs of the male's beſprinkling 
them with ſemen ; that they were fecundated, 
there can be no doubt, ſince they came to lit 
at the uſual time. As ſoon as he performel 
this operation, he deſerted his fituation, and 
died four hours afterwards. en, 


N | e The 
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The toad mentioned in paragraph xc111, 
was alſo the victim of an experiment of the 
fame fort. In- Auguſt 1779, at Genthod, the 
delightful villa of Mr. Bonnet, I cut off both 
the thighs of a male of that ſpecies, while it 
was embracing the female; but without ef- 
fecting a ſeparation, which did not take place 
till many hours afterwards, a little before the 
death of the animal. Beſides Mr. Bonnet, 
Mr. John Trembley was preſent at this ex- 
periment. I was aſked, whether this perti= 
nacity of the male was the effect of ſtupidity, 
inſenſibility, or amorous ardour. Though 
Ithis appeared to be one of thoſe queſtions, of 
which the determination requires,' that one 
ſhould enter into an animal without at the 
fame time becoming one; yet I heſitated not 
to ſay, that I thought, as. I ſtill do, that this 
perſeverance was leſs the effe& of obtuſeneſs 
of feeling, than vehemence of paſſion, which, 
as we have ſeen, renders them inſenſible to 
the call of hunger, and careleſs of their ſafety 
ing (x cvII1). Such a degree of ſtupidity is not, 


teh think, confiſtent with the great irritability 
lie of theſe animals, and the ſigns they ſhew of 
nel acute feelings, whenever they are wounded, 


or have their limbs cut off during their 
amours, 


The CI. vil. 


: 

, 
. 
. 
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CI. vil. Swammerdam, in his account of 
the generation of frogs, ſuppoſes, that th 
eggs do not immediately paſs from the ovaria 
into the oviducts, but that they paſs firk 
through the abdomen. He reſts his opinion 
upon the inſtance of a frog, in which he 
found the eggs partly in the ovaria, and 
partly in the abdomen, beſides thoſe which 
. were already in the oviducts and uterus. Roe. 
ſel, ſpeaking of the dark-brown terreſtrial 
frog, ſays, that he has found many eggs in 
the abdomen, without, however, adopting 
or rejecting the opinion of Swammerdam, 
Of theſe eggs, or more properly, of the 
tadpoles, lying looſe in the cavity of the ab- 
domen, I have already ſpoken (LXVII); but 
if I may confeſs what 1 think, I have no in- 
clination to accede to the opinion of the Dutch 
naturaliſt. I ſhould imagine, that if the fe- 
tuſes were to paſs through the cavity of the 
abdomen before they entered the oviductz, 
they would frequently be found there in fe- 
males during copulation, ſince they are ſo 
often found in the oviducts and uterus. Vet 
the contrary is true. I wiſh to avoid the 
charge of oſtentation, when I obſerve, that 
having kept an account of the number. df 
frogs and toads, which I have opened at the 


time of their amours, for this and the fol- 


lowing 
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lowing diſſertation, 1 find that it amounts to 
2027; nor did I ever find the fetuſes in the 
cavity of the abdomen, except on three o- 
caſions, of which two are mentioned in pa- 
ragraph LXVII, and the other in cxxII. I 
am much more diſpoſed to believe, that fe- 


oviducts. Hence I think, that if ever they 
get into the cavity of the abdomen or thorax, 
it proceeds from their never having got into 
the oviducts, or from ſome laceration, as is 
intimated in paragraph LXVII. Tet * im- 
partial reader determine. | 

CII. VIII. The fetuſes, after W tra- 
verſed the long and tortuous canal of the ovi- 
ducts, are all collected in the uterus, whence 
hey paſs into the rectum, and then out at 
he vent. The diſcharge, in one ſpecies of 
dad, is aided. by the male. Placed as uſual 


the upon the back of the female, and clafping. 
ts, er with his fore-feet, he waits impatiently 
ſe- Nor the expulſion of the cord (in this ſpecies 


there is only one cord); at the inſtant of its 
Lei ppearance, he lays hold of the end with his 
toes, and draws out' a piece of the cord; this 
anceuvre is repeated till the whole cord is 
extracted. So intent is the male upon his 
employment, that he may be taken and placed 
pon the hand. And though this may cauſe 
Voi. aſp ſome 


tuſes paſs immediately from the ovaria to the 
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he is employed in extracting them (2). 


mentions this fact incidentally, adds, that he 
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ſome interruption, yet he will ſoon reſume ther 
his taſk with equal ardour. This informa- Ml the 
tion is owing to a caſual obſervation of Mr. c 
Demours, on the ſmall ſpecies of terreſtrial 
toad, as he denominates the animal, he faw 
nothing from which he could collect, that 
the male bedews the eggs with ſemen, while 


It is to be lamented, that the French ob. 
ſerver did not particularly deſcribe the ſpecies, 
It is certainly different from either of thoſt, 
of which I have treated; ſince I could never 
obſerve, that the male aſſiſted in» bringing 
forth the young, while it was eaſy to ſee, that 
he bedewed them with ſemen. Roeſel, who 


never obſerved any ſuch appearance: it might 
likewiſe have been expected, from the accu- 
racy of the obſerver, that he ſhould have ta-Wtisfa 
ken notice whether the eggs were productive, 
fince we might have hence collected, whether 
they are impregnated within the body of the 
female. It were alſo to be wiſhed, that fo in- 
tereſting an obſervation ſhould have been re- 


peated. In ſhort, the fact being ſolitary, | © 
and happening unexpectedly, ſhould have cies, 
been confirmed, and the narration ought r-Mpreg 
(a) The reader will find this a curious obſervation re. aſt 


lated at full length in the Appendix, T. a 
. | f 


\ 


the philoſopher: 


cill. Ix. Daily experience ſhews, that i in 


takes place within the body of the female. 
It might perhaps be thought, that we are 
warranted to conclude, from analogy, that 
this is an univerſal law of Nature. And it 
has accordingly been admitted as ſuch by 
vulgar reaſoners. But as on many other oc- 
caſions, when the law was ſuppoſed to admit 
of no exception, ſo on this, analogical argu- 


periment. Swammerdam firſt ſhewed, that 
impregnation is effected without the body of 
the female in one ſpecies of frog; and Roeſel 
extended this diſcovery to another amphibious 
animal of a ſimilar kind. I have had the fa- 
tisfaction to diſcover this external fecunda- 
tion in other ſpecies of frogs and toads, and 


re- Nuterus of the female (Chap. I, II, III, IV). 
7, Civ. But we know, that beſides the ſpe- 
ave ies, in which it has been found that im- 


pregnation is external, there are many others 
neluded under the genus of frogs, as well 


H 2 We 
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cher to awaken than fatisfy the curioſity of 


an immenſe number of animals, fecundation - 


ments have been found to diſagree with ex- 


have, moreover, clearly beheld the fecundat- 
ing liquid iſſuing from the male, and falling on 
the fetuſes, after they were expelled from the 


as that of toads, both European and foreign. 


1 
4 
5 
uh 
1 
* 
= 


We ſhall be convinced of this, by opening 


not be certain without experiments. Among 
' thoſe, which in this reſpect require to be 


Pipa or Pipal (a), fo remarkable for its pro- 


preference. 


naturaliſts, by Ruyſch, Folkes, and Baker, 
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any modern nomenclator, as Linnæus for 
inſtance. What then are we to conclude, 
concerning the mode of fecundation in them? 
From. theſe conjectures we may be willing 
to believe, that it is the ſame in the ſpecies 
that have not been examined. But we can- 


examined by the naturaliſt, the famous toad 
of Surinam, denominated by the natives 


perty of bringing forth the young at the 


back, would, in my opinion, deſerve the 


The celebrated Merian, who, with courap 
truly heroic, went from Holland to America, 
towards the cloſe of the laſt century, to ob- 
ſerve the inſects of that unwholeſome climate, 
firit made us acquainted with this animal, 
It was afterwards examined by the acutell 


and found FRY to agree with the deſcrip- 
tion left by that illuſtrious lady. Its back 
has cavities or cells, each containing a young 
toad. I had myſelf the ſatisfaction of ſeeing 
this rare and indeed ſingular phenomenon, i in 
the public Inſtitute of Bologna, and to ſtil 


(4) Pipa (Rana) Digitis anticis muticis quadridentati 
poſticis unguiculatis, Linn. nn 


gr catcl 


— 
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greater advantage laſt year at Geneva, in 
company with my reſpectable friends Bon- 
net, Senebier, Abraham and John Trembley. 
Nay, the poſſeſſor, who had many years kept 
it in ſpirits of wine, obligingly afforded Mr. 
Bonnet and myſelf an opportunity of making 
a number of obſervations upon it; and above 
all, to examine at leiſure the dorſal cells, 
which were very numerous, and of which 
each contained a fetus. Theſe obſervations, 
together with others, which my illuſtrious 
colleague made after my departure from Ge- 
neva, may be found in a Memoir printed in 
Rozier's Journal, which at once ſhews the 
learning and good ſenſe of the author, as well 
as his impartiality with reſpect to his own 
pinions. Having denied, in his Corps orga- 
1152s, the exiſtence of the cells, on the au- 
thority of a celebrated profeſſor at Leyden (a), 
he not only confeſſes in the Memoir, that 
they are to be found, but deſcribes them in 
a manner ſo particular, as to remove all doubts 
concerning their exiſtence, He concludes 
ith propoling ſeveral queſtions, calculated 
to illuſtrate the natural hiſtory of this won- 
derful native of Surinam, which is yet dark 
End imperfect. It is eaſy to ſuppoſe, that the 
Geneveſe philoſopher would not oyerlook 


(a) Mr. Allamand. 
e what 
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what relates to the manner of impregnation, 
But we cannot hope for the ſolution of this, 
any more than the other queſtions, except 


upon the ſpot where the pipa lives, and pro- 


pagates its ſpecies, if we cannot naturalize i it, 
as Valliſneri naturalized the cameleon of 
Africa. 

But beſides frogs and toads, it is ſuppoſed, 
that fecundation is external in ſcaly fiſhes, 
When the female has laid her eggs, the male 


is ſaid to go in queſt of them, and ſprinkle 
them with ſemen. There is then no real co- 


pulation between theſe animals, though the 


male approaches the female at the ſeaſon of 


their amours, and is ſometimes ſeen to rub 


his belly againſt that of his mate; this ape 


pearance takes place, becauſe the male im- 
pregnates the eggs at the inſtant they fal 


from the female, This is the opinion of Buf- 


fon (a); and the manner in which he delivers 
it, would lead us to ſuſpect, that he had the 
molt certain proofs of it, though he has in 
truth no better foundation for it, than the 
notion which was generally preyalent till the 
time of Swammerdam (5), that the cetaceous 
claſs impregnates the eggs without copuls- 


tion. This notion was not, I think, fup- 


(5 Bibl. Nat. 


pong 


(a) Nat, Hiſt, T. 2. p. 313. 
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ported by any obſervation. upon which reli- 
ance could be placed. Hence it is no won- 
der that other naturaliſts, and among the reſt 
the illuſtrious Haller, ſhould incline to be- 
lieve, that fiſhes really copulate for ſeveral- 
reaſons, which cannot properly be recited 
here, but may be ſeen in his great work. 
Though theſe reaſons have far greater weight 
than the bare aſſertion of Buffon, yet I can- 
not think them deciſive, as they are deſtitute 


of facts, by which alone the problem can be 
„solved. 
be The mode of fecundation in fiſhes is very 


extraordinary, according to Linnæus; he ſup- 
poſes, that the female purſues the male while 
he is emitting the ſemen, and devours it, and 
and thus is impregnated (a). In the time of 
Valliſneri, there lived at Rome a phyſician, 
who taught that pigeons, ſparrows, and many 
er WW other animals, were fecundated by the 
the BY mouth (5). Both theſe opinions are palpably 
4 falſe. Female fiſhes have, indeed, been ob- 
the ſerved to ſwallow the ſemen, not becauſe it 
the then ſerves to impregnate them, but ſimply 
ou for food. The male devours it with equal 
112 gr<edineſs for the ſame reaſon. The ſame 
up- obſervations are applicable to the eggs. . 


| (a) Sponſ. Plant. (3) Valliſn. op. in fogl. T. 3. 
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ov. Hence it appears, that we know not 
6 W e the mode of fecundation in fiſhes, 
The element they inhabit, is ſo much more 
difficult of acceſs than the land and air, that 
we cannot wonder the natural hiſtory of fiſhes 
ſhould be ſo little advanced. Having often 
meditated upon this ſubject, which is yet 
among the myſteries of nature, I have been 
ſtruck by a thought, which my other occu- 
pations have not yet permitted me to bring to 
the teſt of experiment. I willingly lay it 
before my readers. The golden fiſhes of 
China (a) are now very common. Italy in 
particular abounds with them, there being 
ſcarce a pond that is not ſupplied with them, 
The beauty of their colours induces many to 
keep them in veſlels in their apartments, 
The amours of theſe fiſhes happen ſeveral 
times a year, and as they have little timidity, 
they do not deſiſt from their employment 
when the obſerver ſtands cloſe to them. The 
reader is by this time in poſſeſſion of my ideas. 
Let theſe fiſhes be carefully watched when 
they are propagating their ſpecies, and we 
ſhall ſoon know, whether they really copu- 
late, or whether the male darts his ſemen 


(a) Cyprinus auratus, pinna ani gemina cauda lah 
bifurca. Linn. 8. N. T. 1. ; 


3 upon 


f 
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upon the eggs after they are diſcharged, or, 
in ſhort, whether fecundatien takes place in 
any other way. If it is external, the aſper- 
ſion of the ſemen cannot eſcape the attentive 
abſerver, as it is of a turbid colour. I will 


ing whether the eggs are fecundated, and in 
what manner, as the reader may gather them 
from the preceding obſervations on the gene- 


nation of amphibious animals. 

it cvi. Recent obſervations ſeem to have 
of Wi <ſtabliſhed the certainty of external fecunda- 
n Wi tion in bees. If the ingenious obſervations (a) 
of Mr. Debraw may be relied upon, the eggs 
1. Nof this induſtrious inſect are impregnated af- 


ter the queen has diſcharged them. She, as 
The Engliſh naturaliſt obſerved, that when 
which the male voids from the poſterior part 


of his body, they never fail to be productive; 
but when this liquor is not preſent, they are 


en WW ure to periſh. The author kept an hive 
re without drones. The queen laid her eggs, 
u- as uſual, but as they were not impregnated 
en with the white liquor of the male, they pro- 


duced no young. 


(a) Philoſoph, Traaſ. Vol. LXxII. 


on „ The | 


, 


not ſtay to point out the means of aſcertain- 


it is well known, depoſits them in the cells. 


they are accompanied with a whitiſh liquor, 


be" 
1 9 
= 
1: 
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"Thee experiment was varied in the follow. 
ing manner. An unimpregnated hive was wh: 
divided into two parts, of which one was ſet even 
under a glaſs-bell; in this was a queen, to- I 
gether with working bees, but without males, cun 


' the eggs were not productive; but the con- ni 


trary happened in the other part of the hive, mo 
which was likewiſe ſet under a glaſs-bell, and 


FX 
contained, beſide a queen and common bees, a 
a quantity of males. And the eggs were im- ha. 
pregnated by the white liquor which the males WW the 
void in the cells containing eggs. The diſ- a 6 
ſection undertaken by the Engliſh obſerver | 
proves, that this liquor is the true ſemen; pat 
for he found it in thoſe veſſels of the male, me 
which are univerſally ſuppoſed to be appro- Ml 64 
priated to the reception of the ſeminal fluid. bo 
From this it appears, that the two natu- ne 
raliſts, who have written ſo well concerning Wl pr. 
bees, have committed miſtakes. Swammer- Bu 
dam thinks, that exhalations from the males pa 
are abſorbed by the female, and ſerve to fe- he 
cundate the eggs; while Reaumur has been ll & 
led by deceitful appearances to ſuppoſe, that Wl th 
theſe inſects perpetuate their kind by real co- Nan 
pulation. Moreover, the ſuſpicion enter- 8 
tained by the celebrated Maraldi, is com- tie 
' pletely verified; this writer, in his obſer- | 


vations on bees, conjectures, that the eggs 
| 9 7 5 are 


— 
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are impregnated. after they are laid, by the 
whitiſh matter above deſcribed; he, how- 
ever, was not diligent to enquire further. 
From what has been ſaid on external fe- 
cundation, it appears, that the number of 
animals, in which we are certain .that this 
mode takes place, is very inconſiderable. We 
may preſume, that the induſtry of obſervers 
will increaſe it, for many other diſcoveries 
have been extended to a multitude of ſubjects, 
though they at firſt ſeemedeto be ent to 


© © > 


a ſingle ſpecies. 8 
er cvii. x. F ecundatiqn i in newts is accom- 
1 panied with circumſtances, that are not com- 


© mon to other animals, and deſerve to be con- 
0 ſidered. The fetuſes (for the elongated 
bodies, ſuppoſed to be eggs, are only young 


= newts not yet unfolded, Lxxxv11), are im- 
8 pregnated within the body of the female. 
[- But the male does not introduce into her any 


part that characterizes the ſex, for, in truth, 
he has not any ſuch part; he only darts his 
ſemen into the water; the ſemen gets into 
the anus of the female prepared to receive it, 
and thus the is fecundated. And here occurs 

another ſingularity that deſerves to be no- 
ticed. According to the general opinion of 

the beſt anatomiſts and phyſiologiſts, the 
o Wl ovaria are the ſeat of fecundation; but this 
cannot 


# 
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cannot be the caſe in the newt. When the this 
ſeminal fluid gets to the inferior orifice of the ties 


oviducts, it cannot poſſibly paſs any further, the 
for its paſſage is ſtopped by the fetuſes, which in 1 
now occupy more or leſs of theſe canals, and effo 
are generally thickeſt at the mouth. The the 
ſeminal fluid then ſtops here, and moiſtens of! 
the fetuſes as they come forth. Theſe are inte 
the only ones that are fecundated; but they mole 
are ſucceeded by others, which are in like bee! 
manner fecundated by new emifſions of ſe- It! 
men, and ſo on till all are impregnated. 1 et 
ſuppoſe the reader to recolle& paragraphs te 
LXXX, IXXXI, LXXXII, ILXXXIV, Lxxxv, 9% 
upon which theſe deductions are founded. Zur 
3: CYHT. XI. Though the chief object of org 
this diſſertation is generation, yet I have hoy 
- hitherto conſidered it in a few animals only. and 
I ſhall now extend my ideas, and make uſe et 
of the data which my experiments afford, as qui 
principles that will prevent me from falling lect 
into error in this intricate enquiry. The But 
moſt celebrated ſyſtems concerning generation t 
may be reduced to two: the one attempts to fou 
explain the formation of animated beings me- 
chanically; the other ſuppoſes, that they are vid 
already formed and pre-exiſting, and that the 1 
wh 


act of fecundation only unfolds. them, and 
renders them viſible. Thoſe who favour 
| this 


IC 


ur 
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this ſecond ſyſtem, are divided into two Par- 
ties; ſome naturaliſts being of opinion, that 
the fetus pre- exiſts 1 in the female, and others 


efforts the eloquent Buffon has made to bring 
the former ſyſtem (which 1 is called the ſyſtem 
of Epigeneſis, and is of more ancient date) 
into repute, by means of his famous organic 


been made to this ſyſtem, is alſo well known. 
It has been ably refuted by the great Haller, 
not only in his phyfiology, but alſo in a ſepa- 
rate publication, entituled Refleftions on the 
Syſtem of Generation of Mr. Buffon. The ar- 


guments adduced by Mr. Bonnet in his Corps 
| organiſes, are not leſs cogent. .Obſerving, 


however, that the objections of both Haller 
and Bonnet, though of great moment, are 
not direct, ſince theſe writers have not en- 
quired into the exiſtence of the organic mo- 
lecules, which conſtitute the baſe of Mr. 


Buffon's edifice, I conceived it neceſſary to 


enter into an examination of them, and have 
found that this ſyſtem, like all his other fa- 
vourite hypotheſes, is the product of his fer- 
vid fancy, which ſo repreſents ſhadows, as 
to make them appear like realities to thoſe, 
who have not a great ſhare of diſcernment. 

ö J flatter 


in the male. It is generally known, what 


molecules. The powerful oppoſition that has 
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I flatter myſelf, that my Eſſays (a) prove the be 
truth of my aſſertions. ve 
The preceding obſervations on amphibious 
animals, furniſh another irrefragable argu- the 
ment againſt the French naturaliſt: He thinks Wl ta: 
that the fetus does not exiſt before fecunda- Ml car 
tion, but is formed during this act, for then the 
the organic molecules, which are, according 
to him, the eſſence of the ſemen of the male 
and female, meet and combine in the uterus, 
and by virtue of certain relations, are model. ¶ con 
led into an organized body. But my obſer- uh 
vation on frogs, toads, and newts, are dia- div. 
metrically repugnant to this imaginary theory, I liev 
They prove, that the fetus exiſts in the fe- int 
male long before impregnation (xv111, XIX. 
xxx. LIV, LV, LVI, LVII., TXXII. xh. mer 
Now this is probably the caſe in other ani- mal 
mals. My experiments, indeed, were all {Wopir 
made upon animals of cold blood; and this I ot 
circumſtance may afford room to doubt, whe- Wor t 
ther the concluſion is to be extended to thoſe ¶ frog 
of warm temperature. But all ſuſpicion muſt Novar 
be removed, now the ſame obſervations have ]Wicrv: 
been made upon this claſs. I allude to this ci 
luminous diſcovery of Haller, who has ſhewn, 


that in birds the young exiſts in the female 
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(a) Opuſcoli di fiſica animale e vegetabile. Modena 1773 | amp 
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before fecundation; but as this diſcovery is 
very generally known, it will be unneceſſary 


the claſs of cold and that of hot animals, in- 


the obſervation to the reſt. We have at leaſt, 
till the contrary ſhall be proved, good en 
for believing that this is the caſe. | 

cix. But theſe obſervations lead to other 


who admit the pre-exiſtence of the fetus, are 
divided into two parties, of which one be- 
lieves, that they lie in the female, the other 


the fetuſes are the worms that float in the ſe- 
men, and paſs, during coition, from the 
1i- male into the female. But the falſity of this 


all opinion is now obvious. In paragraph vis. 
his obſerved, that after the oviform corpuſcles, 


e: Nor the mature fetuſes of the green aquatic 


oſe frog, have deſcended into the uterus, the 


uſt Wovaria contain others of a ſmaller fize, which 
ſerve the year following to continue the ſpe- 
cies. The like remark was made (Lxv1 
and Lxxxv), concerning the fetid terreſtrial 
toad and water-newt. I may now add, that 
| have diſcovered the fame thing in the other 

amphibious animals mentioned in this work ; 
| {o 


to relate it here. As then we have, both in 


ſtances of the pre-exiſtence of the fetus, I 
can ſee no reaſon, why we ſhould not apply 


conſequences. I have remarked, that thoſe 


in the male (evi). According to the latter, 


5 
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. | fo that we may ſafely ſay, that the little fe. Nthoſ 
1 x tuſes are to be found in the ovaria, at leaſt 1 
1 year before theſe animals ſeek each other for 


= the purpoſe of generation: they do not, there- 
4 fore, paſs from the male to the temale during 
the act of fecundation. 

Here it is proper to anſwer a ante that 

may be aſked, It appears from the obſerva- 

tions of naturaliſts, that theſe ſeveral ſpecies 

of amphibious animals begin to propagate 

the ſecond year. And it is probable, that 

they continue to do this as long as they live; 

that is to ſay, for a conſiderable ſeries of 

years; we have at leaſt Roeſel's authority for 

believing that frogs live ten years or lon- 

ger (a); and it ſeems likely, that toads come 

near them in this reſpect. Let it then be 

ſuppoſed that they propagate for nine years. 
3 | The females will exclude nine ſucceſſions of 
fetuſes. If we examine the females during 

the firſt year of their growth, we ſhall not 

find any fetuſes in the ovaria. We are not 

able to diſtinguiſh any before the ſecond year, 

when two ſets appear, viz. the, mature ones, 


(a) If any concluſion may be deduced from the curious ac- 

, count of a toad in the Appendix to the Britiſh Zoology, tht 
W term here aſſigned is too ſhort. The individual there deſcribe 
3p is laid, if I remember "_ to have lived at leaſt thirty-ſix 


Years: "Ts 
thoſe 
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hoſe which are to be brought forth chat year, 
and the immature. ones, which will be pro- 
Juced the ſucceeding. year. That year the 
bird ſucceſſion of fetuſes. becomes viſible, 


and the fourth year the fourth ſucceſſion ; 


un in this manner one ſucceſſion only every 

Now it may be aſked, whether theſe 
i of fetuſes, ; which ſucceſſively appear in 
he ovaria, pre-exiſted in them without being, 


Iiable; ſo that they are only evolved, and 


ndered conſpicuous! by time, or rather whe- 


Per they are formed in ſucceſſion, a new 


rder being annually generate. 
I ſhould reply without heſitation, that as 
is by no means proved, notwithſtanding . 
e efforts of the modern favourers of E pi- 5 
nefis, that any ſuch formation of organic 
odies takes place, either in the animal or ve= 
table kingdom, and as all Nature abounds | 
ith ſuch evolutions, according to the ac- 
punts of the moſt judicious philoſophers of 
bis age, it is natural to ſuppoſe, that theſe or- 
rs of fetuſes, which annually make their ap- 
arance in the byaria, are not ſucceſſively 
nerated, but co- exiſted with the female, 
d are only unfolded, and rendered viſible in 
ogreſs of time, by the ſupplies of nutri- 
e liquor that come from the female. This 
exiſtence of ſucceſſive orders of fetuſes, 
Yor. I.. which 


appear only when they are about to aſſume 


not exiſt at firſt, but are generated when thi 


| ſmall to ſtrike the ſenſes? And if it is reafon- 


* K 
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which become viſible in the ovaria, is ans. 
logous to that which takes place in the limbs 
Tadpoles have at firſt no legs. Theſe parts 


the lincaments which charaQerize the ſpecies, 
Shall we therefore conclude, that they ds 


tadpoles approach their metamorphoſis ? 15K 
not infinitely more philoſophical to ſuppoſe 
that the limbs co-exiſt with the tadpoles, 
and are inviſible, only becauſe: they are to 


able, to · adopt this opinion concerning the 
limbs, ſhall we not alſo admit it with reſped 
to the fetuſes of theſe animals? 
cx. XII. If I paſſed over in filence the 
fingular, and I think, new opinion of Mr. 
Gautier, concerning the generation of frog 
I ſhould deviate from the fincerity whit 
every philoſopher ought to practiſe. In 
publication entituled, Obſervations fur I bj 
torie naturelle, ſur la phyſique, &c. 
fpeaking of ſome ſmall worms, which ht 
found in a veſicle in the cavity of the abd« 
men of the male, he adds, that they are tit 
real efficient cauſe of generation. I mill 
quote his own exprefſions: La grenoull 
male monte & fortement attachee ſur la f 
melle attend les inſtans que les ocufs s eco 


le 
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lent de la femelle: il jette alors ſes embrions 
els que je les ai appergus, ils s' attachent aux 
xeufs, & $'en nourriſſent pendant quelques 
jours, juſqu' a ce qu' ils ſoient En etat de ſe 

nourrir d' alimens plus groſſiers. Ces em- 


brions conſervent la meme. figure qu' ils 
the roient dans la veſicule du pere, pendant Veſ- 
ace d' environ un mois, temps au quel ils 


quittent cettent figure, comme font les vers 
a ſoye dans le cocon. Ils developpent leurs 
pattes poſterieurs qu ils ecartent enfin: ce ſont 
es pattes qui unies dans embryon, for- 
ent la queue du TOs embryon de la gre- 
ouille. 

As the book was publiſhed ; in 1752, I have 
had ſufficient time to examine the diſcovery. 
My firſt ſtep was to ſeek for the bladder con- 
Nang the worms in the abdomen of the 
ale. It was eaſily found, being no other 
than the urinary bladder, as may indeed be 
ollected from the deſcription of the author; 
in this I moreover found the worms; they 
re about the thickneſs of a thread, of a yel- 
lowiſh white colour, without rings, a line 
and a half in length; they are almoſt perpe- 
tually in motion, and have one extremity at- 
tached to the inſide of the bladder. So far I 
agree with Mr. Gautier; but I cannot, with 
him, conſider the worms as the fetuſes of the. 

| I 2 frog, 
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_ ought to exiſt only in the male, if they 


them to be. Secondly, I have opened an im. 
menſe number of frogs' during the time of 


tuſes, from my obſervations and thoſe d 
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"EM for the following reaſons, which 
think decifive. They are likewiſe to be found 
in the bladder of the female, whereas they 


were what the French naturaliſt ſuppoſe 


copulation, but have by no means found theſt 
worms in all of them. Thirdly, They neve 
exceed twenty in number, whereas the fe. 


Swammerdam, appear to amount to about: 
thouſand: in every female. Fourthly, After 
fecundation the male ought not to contain 
any, but I have found that the number is nat 
lefiened, Fifthly, As theſe worms adhere 
to the ſuppoſed eggs, and feed upon them 
for ſeveral days, I muſt have alſo ſeen them, 
eſpecially as they are viſible to the naked eye. 
F can, however, truly affert, that notwith- 
ſtanding all my attention in examining the 
eggs, 'both externally and internally, I never 


could perceive any veſtige of them. I ſhal Roe 

_ = tleduce- a ſixth argument from the artificial on- 
fecundation ſpoken of in the next difſertaWum 
tion; which conſiſts in touching the fetuſeiriun 
extracted from the females with the ſemen u¶ana 
the male, though that fluid ſometimes 28. tl 
peared deſtitute of Living inhabitants, eve his c 


when 
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yhen examined by the microſcope. Theſe, 
caſons oblige me to reject the pretended diſ- 
overy of Mr. Gautier. I will not pronounce - 
it to be a mere fiction: I will rather ſuppoſe, 
that ſome fallacious appearance has miſled 
him, in conſequence of his inexperience in 
bſerving frogs, and his ignorance concern. 


pceedingly obvious. That this is the caſe 
very naturaliſt will perceive, from the paſ- 
ſage in which Mr. Gautier affirms, that the 


he tail of this animal. 


Baia PE n in ver quante novelle 
Quante mai diſſer favole o carote 
Stando al foco a filar le Vecchierelle. 


Thoſe who ſhall have the curioſity to read 
is book, will learn, that the female frog 
has no uterys, that the tongue is fixed to the 
anterior margin of the palate, that the kid- 
eys of the frogs are alſo the teſticles, &c. 


Koeſel ſhould treat him with ridicule, and 
onclude, non ſolum itaque aſſerere audeo pa- 
ium, ſed addere ętiam non ambigo, ipſas 
anas eundem vix habere cognitas. And 
is the Pariſian naturaliſt, in the relation of 
IS diſcoyery, modeſtly obſeryes, that if Py- 
I 3 thagoras 


ng their internal ſtructure, though that is 


ind legs of the tadpole, by their union, form 


t is not, therefore, matter of ſi;prize, that 


m in anatomia Ranarum profeciſſe Gautie- 
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the Gods. The German obſerver retorts; 
Ego vero crediderim, fi fieri poſſet ut Gau- 
tierius Pythagoræ quæ invenerit, enarraret, 


thagoras had made one equal to his, he 
would have ſacrificed another hecatomb to 


nc ipſi non ſilentium biennii vel quin- 
uennii, quod diſcipulis ſuis i imponere foleþa, 
ſed * eſſe W 


CHAP, 


EX/ 


CHAP, VIL 
EXAMINATION OF SOME RECENT OBJEC- 
TIONS' MADE AGAINST.THE SYSTEM OF 
THE PRE - -EXISTENCE PF THE 8 IN 
THE FEMALE. 


cxII. T YR. Pirri, a celebrated phyſician 
bop and philoſopher at Rome, is the 
author of theſe objections. To aà ſenſible 
work on the theory of putrefaction, wherein 
he declares in favour of the Count de Buffon's 
ſyſtem of generation, he has prefixed ſome 
reflections concerning the reproduction of 
organic bodies, in which he attempts to over- 
turn the principal arguments of thoſe who 
adopt the hypotheſis of pre- exiſtence of 
germs, In Rc firſt place he quotes and at- 
tacks two diſcoveries, one made by Haller on 
the chicken (cy111), the other by me on 
frogs, and mentioned in my Proſpectus. Let 
us beſtow a little attention on both, and begin 
with that which belongs ta me. The 
learned Abbe Spallanzani, a name now fo 
dear to his country, ſays he p. 7, has related 
another fact not leſs intereſung than thoſe 
RR already 
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female, and by which the importance of the 


He watched the inſtant when the eggs are 
extracted and fecundated by the male. Du. 


| N W in bulk, though they a. 


already mentioned, nor in appearance leſs fa. 
vourable to the doctrine of Palingeneſis, or 


the pre-exiſtence of germs in the eggs of the 


function of the male is very much leſſened, 


ring this operation he killed the female, and ne 
by the aid of the microſcope, that inſtrument WM w. 
which has ſo often impoſed both on our ſenſ ¶ bu 
and underſtanding; he found, that both the w! 
impregnated and unimpregnated eggs, which Will bl. 


lay in the uterus, contained a tadpole bent in ne 
ſuch a manner, that the tail was contiguous Wl th 
to the head. The young animal was diſtin- te 


guiſhed by its black colour. In the impreg. Wh co 


| nated eggs it was alive and in motion, but in Wl cc 
the others it lay in a profound lethargy.” ER th 
was proper to tranſcribe the expreſſions of Dr. Wi tr 


Pirri, as they by no means agree with my re- in 
lation of the diſcovery in the Proſpectus. Wl 
The reader muſt allow me 'to quote my own th 
words. Afﬀter remarking, that the impreg- he 
nated and unimpregnated eggs of the frog are i: 


perfectly alike, and that the latter are not 
productive, I add, p. 51, -* but this is far 
from being the caſe with the former. They 
loſe their round ſhape, and elongate without 


terwards 
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fa. terwards manifeſtly grow larger. The ſurface 
aof the whitiſh hemiſphere turns darker, and 
the upon the black hemiſphere appears a longi- 
the tudinal furrow, terminated by two proceſſes, 
ed. which become gradually longer, and take the 
arc direction of the long diameter of the egg. 
Ju. The furrow and proceſſes grow, and in time 
and nearly burſt gut from the fide of the egg, 
ent which yet retains the ſhape of an oblong glo- 
ſes WY bule, with a prominence on one fide. Mean- 
the while the whitiſh hemiſphere dilates, and the 
wich black one is incurvated, while the promi- 
t in nence increaſes in length, and it now appears, 
ous Ml though this is ſtill more diſtinctly ſeen af- 


tin. 


reg · ¶ curvature on the black hemiſphere is diſ- 
t in covered to be the back, and the dilatation on 
the oppoſite fide. the belly. The other ex- 
Dr. tremity now takes on the figure of the head; 
te- in the anterior part the veſtige of the eyes, 
aus, which are yet cloſed, becomes conſpicuous: 
own the two proceſſes, by which the animal ad- 
rep- {MW heres to bodies, however ſmooth, come in 
> are fight, as well as the rudiment of the aperture 
not of the mouth; and laſtly the gills, through 
s far I which the blood may be ſeen to circulate. 
They The animal does not yet ſhew any figns of 
hout life or motion, when it is pricked with a 


y at- [Res or ſuddenly expoſed to the rays of 
yards . | the 


terwards, to be the tail of the tadpole: : the 
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the ſun, even when collected into a focus, 


thou gh it is afterwards ſenſible of theſe i im. 


em <<... | 
Such are the nnn which gradualh 
in fecundated eggs, whence it is evi. 
= that theſe hodies are not, as it has been 
generally ſuppoſed, eggs, but the tadpoles 
themfelves concentrated and folded up. 

It is therefore clearly proved, that the tad. 
poles exiſt before fecundation; but this in- 
tereſting truth may be more fully ſhewed 
thus: the fecundated eggs differ not in any 
reſpect from thoſe which have not been fe- 
cundated, but the former are the tadpoles 
concentrated and folded up, the latter muſt 
therefore be the ſame; wherefore the fetuſes 
of frogs exiſt before fecundation, and to be 
evolved, want only the fecundating fluid of 
* male.” 

Upon comparing this paſſage with the 
quotation of Dr. Pirri, it is eaſy to perceiye, 
that at the time of writing, he had not the 


Proſpectus before him. Firſt he adyances 


what is not true, when he aſſerts, that I made 
uſe of the microſcope, ** that inſtrument 


which has ſo often deluded both our ſenſes ani 


underſtanding ;/ ' except in the paſſage wherel 


| fay, that I examined the inſide of the egg 


with the microſcope, E never ſpeak of it, 
having 
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having had indeed no occaſion to make uſe of 
it; for the eggs are ſo large; as to be capable | 
of being examined ſufficiently by the naked 
eye. If eyen J had been obliged to have re- 
courſe to this inſtrument, I hope J ſhould not 
have incurred the danger which the learned 
phyſician mentions. The microſcope has, 
indeed, ſometimes been the ſource of error, 
either when it was ill conſtructed, or in the 
hands of unexperienced perſons. But it has, 
nevertheleſs , when theſe inconventtiencies have 
not been preſent, enriched, and every day 
enriches natural hiſtory with the moſt im- 
portant diſcoveries. Whoever, indeed, ſhall. 
queſtion this, will riſque the imputation of 


being ſuppoſed deficient in common ſenſe. 


Secondly Dr. Pirri fays, that I found both 
the impregnated and unimpregnated eggs to 
contain tadpoles. Theſe words ſuggeſt an 
jdea very different from that which I have 
expreſſed. I do not fay, that I have found 
the tadpole to exiſt as well in the latter as the 
former eggs but that both are nothing but 
tadpoles. The expreſſion of Dr. Pirri ſup- 
poſes the exiſtence of eggs, whereas mine en- 
tirely excludes them: 

Thirdly, The tadpole was, clad to 
the objector, ſo bent, that its tail was con- 

tiguous 
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_ tigyous to the head, and it was diſtinguith 


"_ by its dark colour. 

In my Proſpectus I do not lay that the co- 
halt is entirely black, but that one hemſphere 
of the tadpole, while it retains its round ſhape 
is black, and the other of a dirty white, 
With reſpect to the poſition of the tail, the 
author is far leſs accurate; for I never dreamed 
of aſſerting, that the tail is bent towards the 


head, but that it appears like a prominence 


or appendicula, and increaſes in length as the 


tadpole grows. This is confined to the im- 


pregnated tadpoles; for the others have no 

tail, though Dr. Pirri would make the rea- 
der believe, that I attribute this part alſo to 
them. 

- Fourthly, 1 favod this difforenoes. that in 
tet impregnated eggs the tadpole was alive 
and in motion, whereas in the others, it was 
motionleſs, and in a profound lethargy, _ 

I ſhall finiſh theſe ſtrictures upon the ex- 


5 tract with obſerving, that I never mentioned 


any profound lethargy in unimpregnated tad- 
poles ; and fa far was I from ſeeing any mo- 
tion in the others at firſt, that I exprelsly 
mention the contrary. Let the reader again 
peruſe the quotation from my Proſpectus, 
and he will wad that theſe ſtrictures are | 
juſt. 


cxII. I 


No 
125. 
cxlI. I ſhall now examine the objections Ty 
of Dr. Pirri. They may be reduced to two, 
of which the following is the firſt. My diſ- 
covery of the pre- exiſtence of the tadpole, 
reſts upon an obſervation in which I fully 
confided, as ĩt has the authority of Swammer- 
dam; from whom we learn, that in frogs fe- 
cundation does not take place in the uterus, 
but without the body, ſince the eggs are 
touched with the ſemen of the male, after 
they are diſcharged. | The Roman: naturaliſt, 
relying upon the remarks of Roeſel, ſuggeſts. 
various doubts with reſpect to this obſerva- 
tion. How, ſays he, can we be certain 
that the eggs of frogs are impregnated after 
they are laid, when Roeſel himſelf confeſſes 
the uncertainty of this, having ſeen an ins 
ſtantaneous contact, which may afford room 
for ſuppoſing, that the ſemen was n 
into the uterus? (p. 15.) 

When I linda my Peace des I Was is 
not unacquainted with the doubts of Roeſel, 
but I was aware, that they did not deftroy 
the validity of the contrary obſervation, ſince 
that is poſitive. Roeſel himſelf was ſenſible f 
of this, and he does not, therefore, in ſpeak- 
ing of this momentaneous conjunction, queſ- 
tion the fact related by Swammerdam, a cir- 
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See which Dr. Pirri ought to have 


known. 
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known: But further; he does not only not 
queſtion what Swammerdam tells, but 
ſtrongly confirms his obſervation in another 


paſſage of his work, where he ſpeaks of the 


generation of the green frogs. He fays ex- 
preſly, that the male bedews the eggs with 


His ſemen, after they have been diſcharged 


by the female. Simulae autem  femelle 
ova ſua per anum emittit, maſculus eadem 
ſuo conſpergit ſemine; id quod ipſe domi 


me non ſolum vidi, fed iteratis etiam viti- 


bus fieri non fine admiratione -obſcrvavi (a); 
And'to render this external fecundation till 
more evident, he repreſents the male mounted 
upon the female in their natural colours, the 
eggs as they are diſcharged, and the feminal 


fluid bedewing them, Fig: 2. Pl. 13.1 It 


might have been expected from the inge- 
nudouſneſs of my opponent, that he ſhould 
riot have ſuppreſſed this important obſerva- 
tion, or rather that he ſhould have ſpared his 
objections. If he entertained any doubts 
concerning the mode of generation in theſe 
animals, I hope they will be diſpelled by the 

four firſt chapters of this diſſertation. 
cxX111. In the ſecond objection, 1 am ac- 
cuſed of a paralogiſm in the relation of this 
diſcovery. _ In ſpeaking of the pre- exiſtenes 
| (a) Hiſt, Ranar, p. 8 4 
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of che tadpole, by the word tadpole I mean 


the embryo of the frog, or the frog in a very 


ſmall ſtate, diſguiſed under the appearance 7 


the tadpole. This offends Dr. Pirri, who 
conſiders the frog and tadpole as two diſtinct 
animals. He concludes, that ** to make uſe 
of this fact as an unanſwerable argument 
againſt the ſyſtem of Epigeneſis, is a fallacy 
that has eſcaped the penetration of the Abbe 
Spallanzani. It conſiſts in confounding the 
appearance of the tadpole with that which 
belongs to the frog; and falſely ſuppoſing, 
that the tadpole and frog are one and ery 
ſame animal. 

I was indeed teſtis on account of 
my confined talents, that my book on animal 
reproductions would contain miſtakes, but 
not that to which my learned adverſary ob- 
jets. My confidence was grounded upon 
Swammerdam, Valliſneri, Roeſel, and many 
other excellent writers, who all agree in con- 
fidering the tadpole and frog as the fame ani- 
mal. We know that many inſects paſs 
through the three different ſtates of worm, 
nymph, and winged animal: and thofe who 
are at all acquainted with natural hiſtory | 
know, that theſe different ſtates do not con- 
ſtitute three diſtinct animals, but that the 
lame animal aſſumes theſe various appear- 


ances ; 


rr eee 
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ances; ſo that the inſect equipped with wings, 


exiſted under the membranes of the worm 


and nymph, from which, when it is freed, 


it iſſues forth in a ſtate of complete evolu- 
tion. Swammerdam obſerves, that what the 
nymph is to the winged inſect, the tadpole is 
to the frog. For he found the frog in mi- 
niature under the diſguiſe of the tadpole, and 
the winged inſect under the cover of the 
nymph. Both continue in this ſtate only 
till they are arrived at a proper period or ſtate 
of maturity, when they throw off their old 
habiliments, and aſſume their proper form. 


From theſe obſervations I had reaſon to con- 
clude, that the tadpole and frog ate identical; 


and this might have ſufficed as a reply to the 
objections of Dr. Pirri: my ſuppoſition was 


moreover founded on certain obſervations, 


his was gratuitous, My eſteem, however, 
for this phyſician, who is advantageouſſy 


| known by ſeveral other publications, and my 


defire to aſcertain a fact of. ſo great im- 
portance, induced me to undertake a more 
particular and exact enquiry into the identity 
of the tadpole and frog than that of Swam- 
merdam. To prove. this completely, it is 
neceſſary to ſhew, that the internal ſtructure 


and organization of the parts of the tadpole 


continues the ſame in the frog. If we find 
in 


. 
. * L 
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8, in at the ſame. ſyſtem of e veins, 
nerves, and muſcles, if the heart, liver, 
Jungs, and other viſcera be unaltered, if there 
be no difference' in the organs of ſenſe and 


u- 

he the diſpoſition: of the bones, there can re- 
i main no doubt concerning: the iden tity of tho 
ni. W-nimals. 


| CxIv. Soon after Dr. Pirri's book came 
to my hands, in the ſpring of 1777, a ſeaſon 
ery convenient for the purpoſe, I began this 
nquiry upon the green aquatic frog, of which 
treat in the firſt chapter. To be as brief 
s poſſible, I will only mention the bare re- 
ult, beginning as ſoon as the internal ſtruc- 
ure of the tadpole can be examined, and end- 
gat the time when it takes on the appear- 
nce of the frog. On the twenty- ſixth day 
Whe inteſtines are diſtinguiſhable, though the 

pteguments of the abdomen, rolled up in a 
iral, and in the region of the thorax; the 
ulfation of the heart is perceptible. Upon 
pening theſe cavities, we find the meſentery 
eſembling in thinneſs and tenderneſs a ſpi- 
er's web; along it wind ſmall red ſtreaks, 
hich, when viewed with the microſcope, 
ppear to be arteries and veins. The kid- 
eys, lungs, and liver are then very con- 


* 
ws picuous; to the laſt viſcus is appended the 
and l- bladder, full of a tranſparent liquor 
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without any | bitterneſs. The heart is conical: 
and confiſts of an auricle and ventricle; ; Ml : 


little nearer the head lies the bulb of the 
_ aorta, which is divided into two branche; 
that are implanted in the muſcles of the 


a 

b 

breaſt. The deſcending aorta is alſo viſible, b 
I 


and the vena cava, together with the begin- 
ning of their ramifications. The dorſal and b 


lumbar vertebræ, as well as the. cranium, 
have nothing of the conſiſtence of bone, ant 
the brain is gelatinous, as are alſo the nerves; ii 


thoſe 7s buf from. dorſal vertebræ are ven I 


diſtinguiſhable. The noſtrils are open, anf. 
the iris is of a golden yellow colour. If wi 

take the eye out of the orbit and open it, v ſe 
hall find the aqueous and vitreous humour, 2 
and the chryſtalline lens, which has ſome le 


conſiſtence and is very tranſparent. The gill, f 


which in more advanced tadpoles, appear on 
the outſide of the body, are as yet lying un- v 
der the integuments of the thorax. Ni 

On the thirty- fifth day the viſcera are the 


fame, but larger and more firm. The liquaih h. 
of the gall-bladder is {till tranſparent, bull tt 
by this time ſomewhat bitter. The arterial 0! 
and veins are of a deeper red, and by conſ-W cc 
quence more conſpicuous. The cranium aui ot 
. To to n "hs W th 
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al, brain, ſpinal marrow, and nerves are not ſo 
1 gelatinous. 
the On the forty- ſixth day, theſe ih parts 
hes are further unfolded and firmer. The bile is 
the bitterer, and the rudiments of the hind legs 
ble, begin to appear. Somewhat too of the fore 
in- legs may be diſcerned, but they are as yet 
buried under the integuments of the thorax. . 
The fore legs do not appear till fifteen or 
twenty days afterwards; for the time varies 
in tadpoles that are brought forth at once. 
In other W the ſtructure continues the 
ſame. 
Nor does it eſſentially vary during 5 fob- 
ſequent days, when the legs being unfolded, 
and the tail growing ſhorter, and being. at 
length obliterated, the n puts on the 
form of the frog. | 
This happens about the cightieth day, 
when the old integuments come away. And 
now the animal becomes a true frog, differ- 
ing from the adult only in fize. It does not, 
however, differ from the tadpole, but has 
the ſame organs and viſcera, the ſame ſyſtem 
of arteries and veins and nerves, the ſame 
conformation of bones, with numberleſs 
other parts which I ſhall not deſcribe, leſt 
the reader ſhould find me tedious. Theſe 
new obſervations. confirm the identity be- 
K 2 tween 
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tween the tadpole and frog; they * 
ſtrate that Dr. Pirri, in combating this ſup- 


poſition, has contended againſt truth. If 


any remaining affection for this harmleſs miſ- 
take ſhould ſuggeſt to him, that the gills 
and tail of the tadpole are not to be found in 
the frog, and that the frog has four legs, 
while the tadpole has at firſt none, let him 
recollect, that the chicken, at its firſt ap- 
pearance within the egg, has the ſhape of a 
worm with a large head and long tail; that 
the heart has afterwards the form of a half 
ring; that incubation continues ſome time be- 
fore the legs and wings ſhoot, and that it loſes 
the umbilical cord when it breaks the egg (a). 
And yet, notwithſtanding all theſe appear- 
ances of metamorphoſis, no one, I believe, 
has ever imagined the pullet in the egg, and 
the cock to be different animals. And fo 


much concerning Dr. Pirri's objections to 
what I have advanced. 


cxv. Let us proceed to that which he 
has brought againſt the diſcovery of Haller. 
Deſirous of knowing the ſentiments of this 
great phyſiologiſt, between whom and my- 
ſelf there had ſubſiſted a friendſhip of long 
continuance, I ſent him Dr. Pirri's book, 
but it came to his hands at a time when he 


(a) Haller. Form. du Poulet. 
5 Was 
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was oppreſſed with thoſe en which 
were ſoon to deſtroy him. Inſtead, there- 
fore, of writing his ſentiments at length, he 
replied in theſe laconic terms, Berne Nov. 5, 
1777, Je vous abandonne ce M. Pirri; il 
eſt en bonnes mains, vous ſpaurez aſſez de- 
fendre la bonne cauſe de la Nature. Il eſt 
toujours temeraire d attaquer des experiences 
par des raiſonnemens.“ Thus he impoſed 
upon me the taſk of anſwering Dr. Pirri, 
and I would certainly have undertaken it, if 
upon more maturely weighing the objection, 
and comparing it with Haller's diſcovery, I 
had not perceived, that I might ſafely defer 
it at leaſt, if not entirely decline it, without 
offending the objector himſelf. I would, 
therefore, beg the ingenious naturaliſt to 
read the relation of the diſcovery over again 
with greater attention; for from his extract 
and reply, he appears to have overlooked 
more than one eſſential circumſtance. This 
will become evident,” if we compare the ex- 
preſſions of the mieten with thoſe. of the 
extract, 

66 The yolk of he egg en Haller, 
from his obſeryations on the chicken, is a 
continuation. of the inteſtines of the chicken; 
the internal coat of the yolk is continued with 
the internal coat of the ſmall inteſtines. and of 
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the ſtomach, and pharynx, and with the ſkin 


and cuticle. The external coat is the exter- 


nal coat of the inteſtine; it is continued with 


the meſentery and peritonæum. The cover 


which encloſes the yolk, towards the end of 
incubation, is the ſkin itſelf of the fetus.” 
He then reaſons thus, © if the yolk 'is con- 


tinued with the ſkin and inteſtines of the fetus, 


it muſt have co-exiſted with the fetus, and is 
really a part of it. But the yolk exiſted in 
the female, independently of any commerce 
with the male; therefore the fetus itſelf alſo 
pre-exiſted.” 

The ſame great writer expreſſes himſelf 
with ſtill greater preciſion in his phyſiology. 
B. xx1x. Set 2. Denique directa demon- 
ſtratio adeſt, qui oſtendes, certe in avibus, 
pullum in matre fuiſſe. Pulli enim inteſti- 
num continuatur cum vitelli involucro & 


adeo inteſtini interior membrana cum epider- 
mide animalis, exterior cum cute; denique 


cum involucro vitelli eadem eſt. 

Dr. Pirri uſes the following terms, « Hal- 
ler having ſhewn that the membrane of the 
yolk, which pre-exiſts in the impregnated 
egg, is transformed by incubation into the 
ſmall inteſtines of the chicken, concludes 
that the chicken pre-cxiſts i in the unimpreg- 


> nated eggs. 
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Let the Roman phyſician determine con- 
cerning the fidelity of his own copy. To 
this he adds another fact taken alſo from Hal- 
ler, and endeavours to confute him. But 
the author did not conſider the latter as of 
equal weight with the former, which, there- 
fore, ought to have been faithfully quoted. - 

I am aware, that theſe ſtrictures cannot 0 
pleaſing to Dr. Picri, more eſpecially thoſe | 
W which ſhew his inaccuracy in relating the 
diſcoveries of others. I would, therefore, 
willingly have omitted them, as well on ac- 
count of the real eſteem I entertain for his 
merit, as ſome degree of friendſhips I have 
contracted with him ſince the publication of 
this book; in conſequence of which, I have 
been ſtudiouſly mild in my expreſſions, and 
have oppoſed things and not words to him. : 
But, when I was treating this ſubject, to 
F omit them entirely was impoſſible. ''T Will 
moreover obſerve, that I do not confider theſe 
inaccuracies as intentional; but as proteed- 
ing from want of reflection, or rather of lei- 


the ſure; for he confeſſes, that he compoſed his 
ted conſiderations on the reproduction of organized 
the bodies in a few days,. I cannot, therefore, 
des but urge him afreſh to examine theſe two 


facts, which prove, that the fetus belongs 
n to the female, at greater leiſure; and 
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attack it, but declares that he does not ſub- 


i 
„„ Doe rH, 


with deeper attention; I wiſh that to theſe he de 
would add the further proofs I have adduced 
in this and the following diſſertation. That 
he may be a good judge of theſe: facts, he 
muſt moreover allow me to ſay, that be 
ought to be in poſſeſſion of the difficult art 
of making obſervations and experiments with 
ſkill. He may then repeat thoſe which 1 
have made, and will: be enabled to give his 
opinion concerning them with en free. 
dom and ſafeexy. tO 

Cxy1. The author likewiſe diſapproves of 
Mr. Bonnet's doctrine: concerning the invo- 
lution of germs, though he does not-direQly 


ſcribe to it; at which-I do not wonder, be- 
cauſe the opinion of every one is free, and 
Dr. Pirri manifeſts too great a partiality for 
the Epigeneſis of the illuſtrious Buffon. 
was, however, not a little ſurprized, when! 
came to read in page 32, a paſſage of the Ge- 
neveſe philoſopher; whence it would appear, 
that he is himſelf an oppoſer of the ſyſtem of 
involution. My ſur prize was increaſed, when 
I learned that the evolution of bodies is, by 
the confeſſion of Mr. Bonnet himſelf, de- 
duced from equivocal facts, and from pre- 
miſes that by no means lead directly to am 
ſuch. concluſion. | 1 Wal inſtigated, TH 
ſe 
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me of it ſurprizes me exceedingly. 
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defire of knowing how- my illuſtrious: friend 
would reconcile theſe contradictions, to write 
to him at Geneva, making him at the ſame 
time acquainted with Dr. Pirri's ſentiments 
concerning my diſcovery, and the organic 
molecules of Buffon. I did not long wait for 
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an anſwer ; which, as the author defired me to 


a it 1 ſhall wranſeribe:i in this ee 199 


. Genthod near Geneva. 

wilt Nov. 29, 1797. 

„ cxvII. 1 was not qequatighd with Dr. 
Pirri's book. The ſhort account you give 
Is it 
poſſible that the eighteenth century could 
have produced a writer capable of aſſerting, 
that the tadpole and frog are two eſſentially 
different animals? Can this writer ever have 
read Swammerdam? And yet how can he 
treat of frogs without reading, or at leaſt 
occaſionally conſulting him? Was not- your 
illuſtrious countryman Valliſneri, whom he 
muſt doubtleſs have ſeen, ſufficient to ſhew 
him the falſehood of his opinion? To me, 
this ſtrange aſſertion of Dr. Pirri appears al- 
together incomprehenſible. It is probable, 
that ſome ſecret intereſt has led him into this 
miſtake. 
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miſtake. An opinion fo. ſingular, does not 
deſerve to be very anxiouſly confuted. Every 
naturaliſt will excuſe you from taking much 
pains for that purpoſe. ell 
Fou inform me that Dr. Pirri 8 
that my reflections on organized bodies have 
not perſuaded him of the pre- exiſtence of 
germs. I am not ſurprized that a naturaliſt, 
who believes the tadpole and frog to be two 
diſtin& animals, ſhould not be ſatisfied with 
my proofs. I thould ve much aſtoniſhed if 
he were. 
Your partizan of 6 will furprize 
thoſe who have not ſufficiently reflected on 
the influence of opinion. He owns on the 
one hand that you have fully proved the orga- 
nic molecules of Buffon to be true animal - 
cules, yet on the other he maintains that ſuch 
molecules exiſt, though they are inviſible, If 
they are not perceptible, how does he know 
that they exiſt; you tell me that he deduces 
this concluſion from conſequences. I ought 
to be made acquainted with theſe conſe- 
| quences if I am to judge of their force. But 
the reaſoning of this author does not incline 
me to think favourably of his {kill in logic. 
A miſtake in reaſoning may indeed eafily be 
forgiven, but want of accuracy and fidelity in 
dung nthors, is not ſo readily to be 5 
811 J cuſe 
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cuſed. He attacks the involution of bodies, 
by mutilating a paſſage of my Corps organiſes ; 
he might doubt of his cauſe from this alone, 
if he could form a proper judgment of his 
own conduct. I well know the arguments, 
fays he, uſually adduced in proof of the poſ- - 
þble tenuity of matter; nor am I unacquainted 
rith the geometrical demonſtration of its in- 
nite diviſibility. But I alſo know that theſe 
re mere illuſions, to ſurprize the imagina- 
tion, and cloud the reaſon, as Mr. Bonnet has 
ngeneuouſly confeſſed, Art. 'cxxv11. of his 
aps organiſes, where he thus expreſſes him - 
ſelf concerning involution. ** The infinite 
fliviſibility of matter by which involution, or 
the hypotheſis, which ſuppoſes one germ to 
be contained within another is ſupported, is 
mathematical truth and phyſical fal ſehood. 
Every body is neceſſarily finite; all its parts 
are of neceſſity fixed and determined. 
ho would not conclude from this extract, 
hat I was combating the doctrine of involu- 
ion? Yet this is the very paſſage in which 1 
ndeavour to prove its poſſibility. 

Dr. Pirri, in order to perſuade his readers 
hat I concur with him in opinion, dexte- 
ouſly ſeparates four lines from the paragraph, 
uppreſſes all the reſt, and then praiſes my 
genuouſneſs: I am forry 1 cannot return. 


* 


makes me aſſert juſt the contrary of what | 


140 D 1 878 1 n Tf A NI UN +2 
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the compliment, but the truth is, that he 


Was endeavouring to prove: My words are 
the hypotheſis of involution is not withou 
probability, but it is not neceſſary to ſuppoſe 
an endleſs involution, which would be an ab. 
ſurdity; the infinite diviſbility of matter, 
which might furniſh ground for maintain. 
ing ſuch an opinion, is a mathematical truth, 
and a phyfical falſehood; every body is ne- 


 ceffarily finite, all its parts are fixed and de. 
- termined.” IJ then proceed thus, „ we ar N * 
utterly ignorant of the fartheſt diviſion d *. 
which matter is capable; and this ought to on 
prevent us from conſidering the involution d r 
germs as impoſſible. We need only open ou. * 
eyes and look round us, in order to learn that luf 
matter has been prodigiouſly divided. Tn 
ſcale of corporeal beings is the ſcale of this he 
diviſion. How many times is a mucor con- ead 
tained in the cedar, the mite in the elephant dard 
the aquatic flea in the whale, a grain of fand tal 
in the terraqueous globe, and a globuled ind 
light in the ſun? An ounce of gold can be 4k 
drawn by human art into a wire, eighty my 
one hundred leagues in length. The mics 106 
ſcope ſhews us animals, of which ſeveral] thous 155 
ſands do not equal the ſmalleſt grain of dul is 
ue 


An hundred ſuch obſervations might be men 
| | tioned, 


x \ 
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ioned, and ſhall we, without heſitation, pro- 
ounce the theory of involution to be abſurd ? 
m the cccxL11d: paragraph I treat pro- 
eſſedly on involution, and tranſcribe a long 
naflage from Bourguet, in order to deſtroy 
he force of thoſe ealculations by which the 
elebrated Hartſoeker affected to overwhelm 
he imagination. How then could Dr. Pirri 
ail to perceive, that ſo palpable a deviation 
rom good faith would diſcredit his book ? 
I am yet more aſtoniſhed at another paſſage, 
n which this author has the aſſurance to aſ- 
ert, that“ according to Mr. Bonnet's own 
ponfeſſion, the involution of bodies is a ſyſtem 
ounded on equivocal facts, and on obſerva- 
ions that do not directly lead to any ſuch con- 
lufion.” An affertion ſo pointed, and at the 
ame time ſo falſe, can impoſe on thoſe only 
ho have never read me; for who among my 
eaders does not know that I have ever re- 
garded the evolution of organized bodies, as 
ſtabliſhed upon the moſt unequivocal facts, 
nd the moſt concluſive obſervations? All m 
vorks are full of the doctrine of the evolu- 
ion of organized bodies; no author has faid 
ie © concerning it, or endeavoured to con- 
mm it by ſtronger proofs. It ſeems morally 
mpoſſible, that Dr. Pirri could have con- 
= inued in his miſtake a ſingle moment in a 


matter 
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ron ſo evident; and therefore fince he put 

into my mouth a propofition, which he 
knows to be repugnant to my way of think. 
ing on this ſubject, I may fafely conclude, 
that his book was not dictated by the pure 
and diſpaſſionate love of truth. But I har 
| beſtowed too much attention on an author ſo 
regardleſs of public eſteem, as to expoſe him- 


ſelf voluntarily to the heavy charges of ſup. 


preſſion and bad faith. I think you ſhoull 
but juſt mention his work, for if you confute 
him at length, you will confer upon him 4 
degree of celebrity, to which he is by no 
means intitled. 3 
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CONCERNING THE | ; 
ARTIFICIAL FECUNDATION OF 
' CERTAIN ANIMALS. 
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1 n 
ut: AR TITI IAI FECUNDATION OF THE TER- - 
11 RESTRIAL TOAD WITH RED EYES AND 

' 00 DORSAL TUBERCLES. 7 


CXVIII. HE firſt 8 to effect ar- 

tificial fecundation was made 
by my immortal countryman, Malpighi; ; 
having taken the eggs out of the ovaria of the | 
moth produced from the filk-worm, he | | 
moiſtened them with the ſeminal liquor of the - | 
male. The event did not indeed correſpond 
to the wiſhes of the curious naturaliſt, for the 
eggs proved barren. The learned Bibiena, 
formerly profeſſor at Bologna, was in like 
manner diſappointed when he repeated and 
varied the experiments of his illuſtrious fel- 
low-citizen (a). Such a project, however, 
though | it fail in moths, does not ſeem un- 
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likely to ſucceed in thoſe animals in which 
fecundation takes place without the body of 
the female, as in frogs and toads. Hence 
my celebrated friend Mr. Bonnet, ever ſince 
I communicated to him in 1767, my diſcovery 
of the pre- exiſtence of the germ in the frogs, 
has been conſtantly urging me to attempt the 
artificial fecundation of this animal. And ag 
I conceived that if this experiment ſhould 
ſucceed, it would throw new light upon the 


natural hiſtory of animals, and more eſpecially 


generation, I reſolved to undertake it. 


When 1 publiſhed my Proſpectus in 1768, I 


gave an intimation of my deſign. Other oc- 


cupations, however, prevented me from car- 
rying it into execution till the ſpring of 1777, Wn; 


and the preſent year (1780) in the courſe of 
which I enjoyed more leiſure. The animals 
mentioned in the five firſt chapters of the pre- 
ceding diſſertation, were the ſubjeQs of my 
experiments. 
Cx1x. I began with the teren toad with 
red eyes and dorſal tubercles, which begins 
earlieſt in the ſpring to propagate its ſpecies. 
I have already obſerved, that the female, with 
the male on her back, diſcharges ſlowly at the 
anus two ſhining viſcid cords, full of black 
globules. Theſe globules are minute tad- 


poles, which the male fecundates at the 0 
. | 0 
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was rather cold, and conſequently unfavony. 
able to the evolution of the tadpoles, I wy 
forced to wait the longer in ſuſpenſe for the 
event, about which I was not alittle anxious, 

T examined the cords with the cloſeſt atten. 

tion ſeveral times a day, without perceiyin 

the ſmalleſt difference for the firſt five day; 

In both the mucus was equally enlarged, 2 

| _ well as the tadpoles: and they retained ther 

4: globular ſhape. It was not till the ſixth dy 
Ri that I began to conceive hopes, that the ap- 
E plication of the ſeminal liquor had not beet 
= ineffectual. Many of the tadpoles compre 
hended in the two-thirds of the cord, ove 
| which the pencil had paſſed, began to aſſum 
q an elongated figure, while the others preſer. 
1 ved their round form, as did alſo thoſe of the 
4 piece of cord left in the other veſſel. The 
ſeventh day was ſtill more favourable to ny 
hopes; for together with a manifeſt elongz- 
tion, an increaſe in bulk became viſible ; the 
appearances grew more evident every day, in- 
ſomuch that there no longer remained ai 
doubt of a conſiderable evolution of the tad: 
poles. On the eleventh day, I perceivel 
them moving within the amnion, and on tht 

| thirteenth they quitted the membranes, an 
ſwam about the water. On the other hand 
the unimpregnated tadpoles began to corruph 
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our, and in time they were quite decompoſed, and 
wal turned putrid. When I had thus called into 
the life a number of animals, by imitating the 
ou. means employed by nature, the reader will 
conceive the ſatisfaction I received from the 
ſucceſs of an experiment ſo precarious and unn. 


'ving 
days. certain. He will eaſily imagine, that I was | 
d, uM not diſpoſed to ſtop at my firſt diſcovery, but 1 
ther that I determined to repeat and vary my trials, | 


in order to deduce ſuch conſequences as Jug 
illuſtrate the ſubject. 


bel cxx. All the tadpoles in the portion . 

apre- cord that was wetted with ſemen, were not 

over evolved. They were in all a hundred and 
ſſumſeventy-ſix, of which fixty- three ſpoiled. | 


1 7 his probably aroſe from their not having f 
of the deen touched by the fecundating fluid. 1 3 
now determined to repeat the experiment 
to upon another piece of cord, which a female 
juſt ſeparated from the male, was about to 
diſcharge. As this piece was only five inches 
long, I could bathe it completely with the 
ſeed of two males. I may here remark, that 
if we wiſh to find the veſicles full, we muſt 
ceivaſſg open them at the time of copulation. The lar- 
geſt quantity of ſeminal liquor afforded by a 
lingle male, is generally two grains, though it 
ſometimes amounts to almoſt three. When 
rropethe males are not mounted upon the females, 
aul 5 1 2 | there 
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tion would ſucceed in the ſame circumſtances; 
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there is either no fluid at all in theſe reſer. 


| 4 
voirs, or only a very inconſiderable quantity: ¶ ſe 
they are indeed ſo much ſhrunk, that there pl 
is ſome difficulty in finding them. But to b. 
return to my ſubject; I found that a greater in 
quantity of ſemen cauſed more tadpoles to be ¶ th 
evolved. The ſeaſon being now a little fur. fo 
ther advanced than at the time of my firſt ex- t} 
periment (cxv111), the tadpoles began on the ¶ pe 
fifth day to take on an elongated ſhape, on the ¶ ar 
tenth they ſhewed manifeſt tokens of anima- WM th 

tion, and on the eleventh were ſwimming about ¶ w. 
the water. They were in all an hundred and ſe- ¶ th 
ven, out of which number eight only failed; N w 
whether it was becauſe they had not been im- ¶ cu 
pregnated, or more probably becauſe they were ſl th 
vitiated. In the natural proceſs, among a great Wl ha 
number of tadpoles, a few always ſpoil. (v 
 exx1. In theſe two ſucceſsful experiments N cu 
(exix, xx), the cords had been diſcharged I re 
by the female into water. Natural fecunda- i th 
tion always takes place in this element. But th 

I had learned from obſervation, that it ſuc-M th 
ceeds juſt as well when the animals are re- Pr. 
moved to a dry place. It was thus, that I an 
was fortunate enough to diſcover the natural ob 
mode of impregnation (xL VII, XLv111, xL1x).ﬀ bo 
I therefore ſuppoſed, that artificial fecund:- . 

| 


a long 
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along portion of cord diſcharged in a dry veſ- 
ſel was moiſtened with ſeminal fluid, and then 

ut into water, along with another piece 
brought forth by the ſame female, but not 
impregnated. In twelve days the tadpoles of 
the latter were half putrid, while thoſe of the 
former were evolved, and ſwimming about 
the water. While employed about theſe ex- 
periments, I was careful to obſerve whether 
artificial fecundation is ſlower in its effects 


ma- than natural. Having two toads coupled, I 
zout WW waited till the female had diſcharged part of 
| ſe- the cords, and the male had beſprinkled it 
led; with ſemen. I then removed the male, and 
im- cutting off the cords, cloſe to the anus, left 
were them in the water. As ſoon as the female 
rest I had diſcharged another portion of cord, 


(which happened in a quarter of an hour) I 


ents cut it off, and impregnated it with the ſemen. 
rged remaining in the veſicles of the male; and 
nda- this piece was put into the ſame veſſel with 
But WW that which had been naturally fecundated, 
ſuc- that it might be ſeen which would ſooneſt 


produce complete tadpoles. But evolution 


nat and animation kept an equal pace in both, an 
tural MW obſervation which I afterwards ſaw confirmed 
1x). both with reſpect to toads and frogs. 


cxxII. My attempts to produce fecun. 
dation by artificial means, have hitherto been. 
. * | made, \ 


Wo l 
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made, only when the tadpoles had arrived at 
the place deſtined by nature for impregnation 
and evolution. But ſuppoſe it was attempted 
WM within the body. We know that they are 
= at firſt lodged in the ovaria, then paſs along 
#0 the oviducts, and at laſt get into the uterus, 
A Will artificial fecundation ſucceed alike in 
1 theſe three receptacles? Theſe reflections ſti- 
mulated my curioſity, and I believe I have 
now data ſufficient for the ſolution of the 
problem. I began with the uterus. This or- 
gan is divided by a membranous partition into 
two cells, which are quite filled with tadpoles, 
as ſoon as they have paſſed through the ovi- 
ducts. They are incloſed in the glutinous 
cords, which are very much entangled; it is 
not, however, difficult to draw them entire | 
out of the uterus with a forceps, if they are 
managed gently. I opened the abdomen of 
ſeveral coupled females when the cords began WF® 
to be excluded, for at this time the uterus 1s 
always full, and diſentangling part of the 
maſs which lies in this viſcus, I bathed it 
with ſeed, and ſet it in a veſſel of water. The 
reſt of the cords was put at the ſame time into 
another veſſel of water; but not one tadpole 
contained on the latter portion was evolved, 
whereas all thoſe which had been impregnated 
became complete tadpoles. It is therefore 
| N 5 to 
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> be inferred that theſe germs, by the time 
hey get jnto the uterus, are arrived at ſuch 
ſtate of maturity, as renders them ane 
f being fecundated. 7 
While I was engaged i in * experiments, 
was eye witneſs of an accident that deſerves 
o be mentioned. Having often obſerved the 
eminal liquor of the toad, I found it very full 
f ſpermatic worms, which, like thoſe of the 
rog, have an oblong ſhape, and writhe their 
ody as they move. Upon two occaſions I 
Have been greatly ſurprized at finding this fluid 
otally deſtitute of ſuch inhabitants. I was 
nduced to try, whether it is alſo deſtitute of 
ecundating virtue, but I found that it was 
uſt as effectual in this reſpect, as that which 
Hoſt abounds with theſe diminutive animals. 
cxxIII. I next proceeded to try whether I 
ould impregnate thoſe germs, which in 
oupled females are often to be found in the 
viducts, I ſucceeded upon many of the 
argeſt, thoſe which lie neareſt the uterus, but 


4 it oſe which were ſituated in the narrow part, 
The n the vicinity of the heart, where the other 
into tremity of the oviducts is placed, all baf- 
Ipole ied my rg Theſe different reſults may 
ved, perhaps be thus explained. The. gluten in 


hich the. tadpoles are imbedded, and which 


efore {97225 the two long cards, is produced as the 
{0 l L 4. | germs 
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pen with reſpect to thoſe which have littl 


Fuſes, after being moiſtened with ſemini 


germs paſs through the oviducts, for the l 
are totally deſtitute of it before they a ni 
into theſs canals. Thoſe tadpoles therefor 
which have paſſed along the greater part a 7: 
the, oviducts, and of courſe are neareſt to tee 
uterus, will be ſurrounded by moſt gluten, * 
This ſubſtance has been appointed by natuni o 
for the firſt nouriſhment of the fetuſes. Hr 
therefore they happen to be provided with il © 
ſufficient ſupply, as thoſe are which lie near | 
eſt to the uterus, the aſperſion of ſeed vil ! 


not be ineffectual ; but the contrary will hap- 


r 

8 
or no gluten; for ſhould they be animated u 
the act of fecundation, they will ſoon perib * 
from want of nouriſhment. The neceſſity fil © 
gluten during the firſt period of evolution, ul © 
evident from another experiment, in which th ! 
tadpoles having been entirely ſtripped of v 
were wetted with ſemen, but they came to no. 
thing; nay, very few of thoſe were evolvelll « 
from which part only was taken. Upon open: 
ing one day a female during copulation, Ii « 
found the  tadpoles in the abdomen, inſtead d 
the uterus and oviducts. Their colour wall | 
black, as it is when they are arrived ata ſtat | 
of maturity, but they were without gluten | 
having never entered the oviducts. The ! 


* 
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we were not evolved, | as the reader will 


the 
naturally ſuppoſe. 


nte 


efore cxxiv. For the ſame reaſon thoſe taken 
rt a from the ovarium would not grow. This 
o the viſcus is divided into two large lobes, each of 


which conſiſts of ſmaller lobes. All are full 
of little tadpoles, till the ſeaſon of amours ar- 
rives, when they ſeparate from their ſtalks, in 

order to go whither nature has deſtined them. 
[ beſprinkled many of thoſe tadpoles with 
ſeed when they were about to quit the ova- 
rium, but in vain. This experiment ſug- 
geſted a curious idea, I had found that the 
abdomen of female toads, and this is alſo 
true of frogs, may be opened, not only with- 
out immediately deſtroying them, but fre- 
quently without preventing them from bring- 
ing forth their young, which alſo are after- 
of it, WF wards evalved, either in conſequence of natu- 
to no. ral or artificial fecundation. It is only ne- 
obꝛel l ceſſary, that the female thus maltreated ſhould. 
open · be kept i in the dry; otherwiſe the water will 
ion, enter in at the wound, and occaſion death be- 
cad di fore parturition takes place. Now what will 
ir wall happen, thought I, if the abdomen of a fe- 
a ſta male ſhould be opened, and the ſeminal fluid 
luten de ſpread upon the ovarium? May it be ex- 
Thee pected that the tadpoles, after quitting this 
mind viſcus, paſſing through the oviducts and ute- 
I1quo rus, 


uten, 
ature 
2 
ith 4 
near- 
| wil 
hap» 
little 
ed 
periſh 
ty off 
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rus, and being diſcharged at the anus, will 
grow P. Though 1 had little expectation from 
the experiment, I. was determined to per- 
form it. Having with this view perforated 
the abdomen of two females, 1 threw a drop 


of ſeed upon each ovarium from a ſyringe in- 


troduced through the wound. I moreover 
made a perforation in the membrane that in- 
veſts the ovarium, and injected another drop 
of ſeed, which muſt have come into' imme- 


diate contact with the tadpoles. One of the | 


toads dicd five hours after the operation with 
the tadpoles in the ovarium, but the other 
diſcharged part of them at the anus imbedded 
in gluten, as if ſhe had been in a ſtate of the 
moſt perfect health. I kept them very care- 
fully i in water, but not one came to perfec- 
tion; whence I was obliged to infer, that the 
gluten is ſo indiſpenſably neceſſary for the 
nutrition of theſe delicate beings, that ſhould 
it not be preſent at the time of aſperſion with 
ſeed, they will periſh, even tough it ſhould 
be afterwards ſupplied. 

cxxv. Having eſtabliſhed upon a number 
of deciſive trials, the poſſibility of artificial 
fecundation with ſemen (cx1x, cxx, CXX1, 
CXXII, CXXI1T), I thought of trying whe- 
ther the expreſſed juice of the teſticles would 
anſwer the ſame end. J ſuppoſed this not 


- * 


unlikely, 


— 
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ill mlikely, the teſticles being the organs in 
m hich the ſeed is formed, or rather perfec- 
r- a and rendered fit for fecundation; but on 
ed Account of their ſmall ſize in this animal, 1 
op Would not hope to obtain it pure: and my 
n- Woaly reſource was therefore to ſqueeze out the 
er {Whuice, and uſe this for my experiments. The 
n- eſticles in the preſent ſpecies of toad are fi- 
op Wuatcd at the upper part of the kidneys; they 
e- have a yellowith colour and an oval ſhape, 
he but are a little gibbous on one fide, like thoſe 
ith of the cock. At the ſeaſon of generation 
1er they contain a brown, denſe, and ſomewhat 
led {hviſcid liquor, Having collected a little of this 
he liquor in a watch-glaſs, I moiſtened with it 
re- {Wabout an hundred tadpoles, part taken out of 
c- the uterus, and part diſcharged by the female, 
the {Waiter the male had been removed. I ſucceeded 
the perfectly; the tadpoles grew, and I frequently 
uld repeated the experiment with equal ſucceſs. 
"th Upon making a compariſon between the ef- 
uld ¶ ficacy of the ſeed, and the juice of the teſticles, 

I found that both fluids produce their effects 
ber in the ſame time; but the latter did not cauſe 
cial the evolution of ſo great a number as the for- 
x1, ner, though I did not then know whether this 
he- Naroſe from its inferior activity, or rather from 
uld its denſity, a quality that prevents its diffuſion 
Fl over. an equal extent of ſurface. > 
el 
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if we except the belly, which is of a brighter 


wallydifferent. The ſkin upon the back of the 


; little way. The male of the former ſpecies 
utters a ſound reſembling a man's whiſtk, 


male of the fetid toad throws his arms round 
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 Cxxv1. In May 1780, while I was com- 
poling the preſent chapter, the fiſhermen 
brought me a ſpecies of toad, concerning the 
generation of which I have faid nothing in 
the preceding diſſertation, for I was totally 
unacquainted with it; I ſhall here give a ſhort 
deſcription of it, as it relates to the preſent 
ſubject. This ſpecies is ſmaller than the fe- 
tid terreſtrial toad, but is of the ſame colour, 


white. But the diverſity of manners and or- 
ganization ſhews, that the two ſpecies are to- 


fetid toad is rough like ſhagreen, the body is 
rather long, and the animal, like frogs, moves 
by taking long leaps. The other has a ſmooth 
ſkin, a thick ſhort body, and jumps a ver 


The croaking of the latter is very low and in- 
diſtin, a clear proof that the organs of the 
voice are very differently conſtructed. The 
ſtructure of the parts of generation alſo dif- 
fers; the female of the fetid toad brings forth 
two cords, but that af the other only one; 
the former derives its name from its bad 
ſmell, but the odour of the latter is at moll 
not more offenſive than that of garlic. The 


the 


DISSERTATION 1. 157 


m. mne thorax of the female, but that oy the new. 
en Mſpecies claſps the abdomen, Hence it is ap- 
the parent, that this toad ought not to be con- 
in founded either with that with which I have 
lly been contraſting it, nor with the Bufo ig neus 
ors of Roeſel, in which the lower part of the body 
is ornamented with flame - coloured ſpots 
(ccccLx1v); for in the ſpecies in queſtion, 
not a veſtige of ſuch ſpots is to be perceived. 
The firſt that fell into my hands was coup- 
led, and the female was diſcharging her cords. 


rious ſpectacle deſcribed by Demours (c11). 
When they were placed upon my hand, they 
ſeemed at firſt a little timid, but ſoon after- 


doch Wwards the female continued her diſcharge, 
very Mthough I did not obſerve that the male uſed 
ecies his hind legs to extract the cord. I ſaw, how- 
iſtle, Never, what he did not obſerve, I mean, that 


the male ſprinkled the tadpoles from time to 


which in this ſpecies is terminated by a point. 


 dif- I watched this phenomenon for about thir- 
forth teen minutes, and then reſolved to open both 
one; the male and female, for the ſake of the fol- 
bad {Mowing experiments. Having extracted the 
moll remainder of the cord, which meaſured about 
The MW yard and a half, I divided it into four por- 
round tions: One was left untouched, the ſecond 
the | was 


1 had here an opportunity of admiring the cu- 


time with ſemen emitted from the anus, 
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was moiſtened with the ſeed remaining in the 
'. veſicles of the male; the third with juice ex- 
preſſed from the teſticles; and the laſt with 
two drops of the ſeed with which the male 
was impregnating the cord as it was excluded, 
which I had intercepted in a watch-glaſß. 
Theſe four pieces were ſet in ſeparate veſſels 
of water, and in a fifth was placed that piece 
of cord which had been already fecundated. 
The reſult was what T imagined it would be, 
from former obſervations. Except the un- 
touched piece of cord, all the reſt were ani. 
mated with a number of tadpoles; whence 
we may draw two inferences, firſt, that in this 
freſh ſpecies fecundation is alſo external; and 
ſecondly, that it may be effected by art, 
either by means of the ſeminal fluid, or the 
Juice of the teſticles. Four other couples 
were afterwards-brought to me, two of which 
ſerved to confirm the foregoing obſervations, 
and the two others for experiments, which | 
ſhall relate in another place. 

CXXv11. I ſhall finiſh the preſent chapter, 
with a fhort digreſſion concerning the mode 
of propagation in this new ſpecies. The 
cord, both in the oviducts and uterus, is full 

of black globules, which whether examined 
internally or externally, exhibit character 


perfectly reſembling thoſe of the pos o 
1 „ other 


% 
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* other ſpecies, , when they lie in the oviducts 


or uterus. If the impregnated globules be 
compared with the unimpregnated, they will 
likewiſe be found to bear an exact reſemblance 
both internal and external. But in time the 
latter become white, the ſurface grows ; wrink- 
led, and chopped in various places; the Wa- 


ter diſſolves them, and they at laſt falt "to : 
pieces, and are quite decompoſed. The ap- 


pearance of the fecundated globules changes 
alſo in about a day, but in a manner totally 
different. Upon the ſurface may be perceived 
two furrows, which meet to form an angle. 

Above the angle a prominent filament is ſeen, 
and at the ſame time the globule increaſes in 


bulk and length, while the end grows finer. 


During the following hours, the furrows be- 
come deeper, the filament projects further, 
and the point grows longer; on each ſide of 
the furrows ariſe two ſmall tumours, which 
before were not viſible. In about a day longer, 
the myſtery concealed under theſe parts, 


which are gradually unfolded, is laid open. 
We find that the two furrows are the marks 


of the mouth, that the prominent filament is 


the ſpine, that the pointed end is the tail, and 
the two tumours the pills. 


come more diſtinct, when the young ani- 
It. ap- 
pears 


mals be egin to move about the water. 


All theſe parts : 
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pears therefore, from theſe nnn that 


the ſame law which preſides over the birth 
and evolution of the ſpecies mentioned in the 
g diſſertation, extends like wiſe to 
this, that the fetus belongs to the female, and 
that the aſperſion of the ſeed of the male is 
condition neceſſary to the animation and eyo- 


tion of the fetus. 
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XXVII. 8 the fecundation of the wa- 
ter- newt does not take place 
without the body (CLXXX, CLXXX1, CLXXXIV), 
as in frogs and toads, I could not try to im- 
pregnate the fetuſes, after they have been diſ- 
charged by the female, but was obliged to 
ſeek ſome other means of accompliſhing + my 
intention. The female newt has no uterus; . 

hence the fetuſes, after quitting the ovarium, 

paſs along the oviducts into the rectum, and 

are diſcharged at the vent. The ſeed of the 

male inſinuates itſelf into this aperture, and 
fecundates the fetuſes that lie neareſt to it. 
have moreover ſhewn in the eighty- fourth 

ap, Nragraph, that the more remote fetuſes, thoſe 
which are ſituated higher in the oviducts, are 

ot then impregnated; and that before this 

gan happen to them, they muſt come down 
Pwer, and take the place of thoſe which have 
Peen impregnated and diſcharged. Thoſe 
Vox. II. ö there - 
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therefore which occupy the oviducts, appeared 


to be the proper ſubjects of my experiments; 

but my attempts to fecundate them did not 
ſucceed. I proceeded in this manner; having 
laid open the oviducts of a female, and the 
vaſa deferentia of a male, I took out the ſeed, 
which in whiteneſs reſembles milk, and moi- 
ſtened the fetuſes lying high in the duds; 1 
then put them in water without delay. Like 
| thoſe which are brought forth naturally, they 
ſunk to the bottom, where they were held by 
the tenacious gluten that inveſts them, but not 
one grew. The gluten gradually quitted 


them, they burſt, and were diſſolved. I 


ſhall not relate the many frequent repetitions 
- and variations of this experiment, how al- 
tered the doſe of ſeed, ſometimes letting fall x 
few drops upon the fetuſes, ſometimes bath- 
ing them ſparingly, and at others immerſing 
them in it, and as it were faturating them, 
but {till to no purpoſe. Their ſituation in the 
oviducts made me apprehend, that they pe- 


riſhed for want of a ſufficient quantity of 


gluten, as is the caſe with tadpoles taken out 
of the upper part of the oviduct (cxx111), 
and at the fame time fearing on the other 
hand, leſt, if I took them from a lower fituz- 
tion, they ſhould be impregnated by the male, 
Thad recourſe toan expedient which I wy 
wou 


/ 
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would determine whether my apprehenſions | 
were juſt. I was then (it was in April) in 
poſſeſſion of ſeven female ſalamanders, which 


1 had kept all the winter in water, apart from 


any males; notwithſtanding this, they were 
beginning to diſcharge their fetuſes. 1 
thought, therefore, of 'trying to fecundate - 
theſe fetuſes, being certain that on the one 
hand they were inveſted with a ſufficient 
quantity of gluten, and that on the other 
they had not been impregnated. I have be- 
fore remarked, that the males during the ſea- 
ſon of their amours, will emit - their ſeed, if 
the belly be gently preſſed, as alſo the fe- 
males their young (Lxxx, LxxxIv). By this 
eaſy method, I got theſe female newts to 


bring forth their young, and as they came 


away, took care to moiſten them with ſeed. 
But notwithſtanding this expedient, I never 
ſaw one of them grow, ae I carefully 
kept them in water. 
cxxix. Mortified at ſo many, diſappoint- 
ments, I was about to relinquiſh the attempt, 
under a perſuaſion - that artificial fecundation 
would not ſucceed on newts, when a doubt 
ſuggeſted itſelf, whether I had not neglected 
a precaution eſſential to the ſucceſs of theſe 
experiments. In another. place I have re- 
marked, that the male fecundates the female, 
| M ' | not 
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not by injecting his feed immediately into her, 
but by throwing it into the water, whence it 
paſſes into the vent of the female, and im- 
pregnates all the fetuſes that lie near the 
rectum (Lxxx, Lxxx1). It is therefore evi- 
dent that the ſeed, when it produces its effect, 
is not pure, but diluted in water. Hence! 
was led to ſuſpect that pure ſeed, which I had 
uſed in my experiments, was not fit for fe- 
cundation, (perhaps on account of its too 
great denſity) but that it muſt be diluted in 
water; I tried this method, and obtained re- 
ſults very different from thofe which have been 
juſt related. By gentle preſſure upon the bel. 
lies of the ſeven females (cxxv111) that had 
been kept by themſelves, I procured the diſ- 
charge of twenty-feven fetuſes. . I bathed 
them all with water in which a fmall por- 
tion of ſeed had been diffuſed. Seventeen 
periſhed, the remaining ten did well, and 
during their evolution preſented the appear. 
ances that are conſequent upon natural fecun- 
dation (LXXXVII, EXXXVIII, LXXXIX). By 
imitating Nature therefore in this circum- 
ſtance, I ſucceeded in fecundating this am- 
phibious animal by art, as well on the pre- 
ſent as on other occaſions; I loſt indeed many 
fetuſes, but this could not ſurprize me, finct 
1 man 


many periſh alſo er: the natural impregna- 
tion (LXXXIX).. 


The juice exprofied out of the teſticles "A | 


Juted in water, anſwers the purpoſe of fecun- 


dation, though in this caſe too, about one- 
third only of the fetuſes is evolved. This 


failure, induced me to deſiſt from the proſecu- 


tion of my experiments on this animal for 
the preſent. The fetid terreſtrial toad next 
engaged my attention, and indeed fully an- 


ſwered my expectation. 
cxxx. We have ſeen, that in the 1 


trial toad with red eyes and dorſal tubercles, 
artificial fecundation ſucceeds not only on the 


tadpoles that have been diſcharged, but alſo 
in thoſe which lie in the uterus, and at the 
inferior extremity of the oviducts. We have 
moreover ſeen, that it may be effected either 
by the ſeed, or the juice of the teſticles. I 
can aſſure the reader, that the reſult of theſe 
experiments, repeated an the fetid toad, was 
exactly the ſame, _ 

But the great quantity of this ſpecics with 
which the fiſhermen ſupplied me, the Abun- 


dance of tadpoles contained in the uterus, and 


the facility with which they may be fecun- 


dated, led me to attempt ſomething beſides 


the bark confirmation of my preceding ob- 
ſervations, The diſcovery of the means of 
M 3 calling 
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calling forth theſe animals into exiſtence, 
without the co-operation of the male, was 
an experiment pregnant with many others, 
which I was the more tempted to undertake, 


ſince the harveſt had not yet been ehe by 


the ſickle of philoſophy. 
One of my principal views was, to aſcer- 
tain what would be the conſequence of trying 


to force Nature out of her ordinary path, ei- 


ther by adulterating the ſeed, and the juice 
of the teſticles, or by attempting to produce 
changes in the tadpoles. Such an inveſtiga- 

tion promiſed to afford much inſtruction. 
In the preceding experiments, I had uſed 
the ſeed, and the juice of the teſticles, imme- 
diately after it was taken from the male. The 
animal was fixed on his back, by means of 
nails driven through his hands and feet; al. 
ter opening the abdomen, I ſought for tbe 
ſeminal veſicles, which, when the inteſtines 
are removed, appear behind the bladder, un- 
der the ſhape of two tumours; if the blad- 
der be evacuated, a better view of the veſicles 
is obtained, at the ſame time the teſticles 
come into ſight; in this ſpecies, they are df 
A livid brown colour, and lie upon the kid- 
neys. After having made this diſpoſition, | 
took, as my defign led me, either the ſeed, or 
the] TO" of the tefticles, and bathed the ” 
poles 
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poles. I now thought of trying theſe fluids 

ſome time after the death of the animal. In 

another publication I have obſerved, that 
frogs, toads, and other animals very tenacious | 
of life, may be inſtantaneouſly killed by inſinu- 

ating a ſharp inſtrument between two of the 
cervical vertebræ, and deſtroying a little of 
the ſpinal marrow. They tall inſtantly into 

> Wl convulſions, and:ceaſe to live; an event that 
does not follow either decapitation, or any 
other treatment. Three hours after I had 
killed a fetid toad in this manner, I opened 
the abdomen, and fearched for the ſeminal 
veſicles, which were a little collapſed, not 
now containing ſo much ſeed as when the 
animal is alive, and coupled. With this ſeed 
I bathed. ſome tadpoles taken out of the 


: uterus, whence all that were uſed in the ex- 
* periments related in this chapter were taken. 
: The event ſhewed, that the ſeed had not ſuf- 
OY fered by a continuance of three hours in the 
hy p dead body. The fame obſervation is applica- 
8 ble to another toad which had been killed five 
os hours and a half; the ſeed indeed being in 
5 4 very ſmall quantity, could not be ſpread over 
530 many tadpoles. In the courſe of ſeven hours 
5 after death, the veſicles were ſo much ſhrivel- 
| 14 led, that I could ſcarce get a drop of ſeed, 
75 —_ howeyer' retained its efficacy. 


on M 4  CXXAT; 
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xxx. Two immediate confequences may 


be deduced from theſe experiments; it ap- 
pears in the firſt place, that after death the 
quantity of ſeed in the ſeminal veſicles gn- 


dually diminiſhes till it quite diſappears, agree. 


ably to the laws of the animal economy ; and 
in the ſecond, that this fluid, notwithſtanding 
its waſte, loſes nothing of its virtue, at leaſt 
in ſeven hours. But does it retain its prolifie 
power any longer after the ceſſation of life? 
As dead toads would not, for the reaſon al. 

ready aſſigned, enable me to ſolve this pro- 

blem, there remained no other expedient than 

to take the ſeed out of the veſicles, and keep 
it in a phial or tube. Having procured al 
that theſe toads would furniſh, I put it in 

little glaſs tube, and uſed it at different times, 
Six hours did not impair its efficacy, but after 
the ſeventh hour it ſeemed to be weaker, for 

only two-thirds of the tadpoles touched with 

it came to perfection. The eighth hour pro- 

duced worſe effects, and the ninth proved fo 

hurtful, that out of ſixty- five tadpoles, not 

one was evolved, The reader is not, how- 
ever, to ſuppoſe, that this is always the exad 

meaſure of the time in which the ſeed be- 

comes effete. By many experiments I have 
| been taught, that this depends on the tempe- 
rature of the atmoſphere. In hot wy” 
| : b ſee 
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ſeed taken out of its natural receptacles, be- 
comes in fix hours and a half unfit for fecun- 
dation. But in a cold ſeaſon, it retained 
ſomewhat of its virtue eleven hours and up- 
wards. The frequent alternations of heat 
and cold during laſt May, (1780) afforded me 
many opportunities of obſerving theſe diffe- 
rent phznomena. Finding that cold favours 
the retention of the fecundating virtue, I 
thought of carrying the experiment further, 
by placing ſome ſeed in an ice-houſe. It 
now retained its efficacy twenty-five hours. 
When I reflect upon the nature of this liquor, 
it does not ſeem difficult to account for the 
effect of heat and cold. The ſeminal fluid, 
like other animal ſubſtances, is ſubject to pu- 
trefaction; now putrefaction is promoted by 
heat, and retarded by cold. In my ſecond 
Eſſay concerning the natural Hiſtory of Animals 
and Vegetables, IJ have ſpoken at large on the 
tendency of extravaſated feed to become pu- 
trid, whence it loſes the ſpermatic worms,. 
its natural inhabitants, and acquires others 
of a yery different kind, reſembling the ani- 
malcules of infuſions. The ſeed of toads runs 
ſooner or later into the putrefactive fermen- 
tation, and on this account probably becomes 
effete, ſooner when the atmoſphere i is warm, 
than when it is cold. 

I have 


\ 
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_ I have ſaid before, that in hot weather the 
ſeed in fix hours and a half is rendered unfit 
for its natural uſe. I found that in this caſe, 
the thermometer ſtands 18 (a) deg. above 
the freezing point. This ſuggeſted to me 
the idea of trying what would happen to this 
fluid, if it ſhould be kept for a ſhort time ina 
higher temperature. From ſeveral trials it ap- 
peared, that the heat of 30 (5), and even 32 
5 deg. was not prejudicial, when the ſeed 
18 ſubjected to it for two minutes only ; but 
at the 35th (6) deg. it was quite ſpoiled. 

Cxxx II. But it is time to turn the reader's 
attention to the experiments on the juice of 
the teſticles, the ſecond head of the firſt en- 
quiry propoſed in the cxxxth paragraph; as 
before, I left the teſticles in the dead animal; 
but the event was very different. In the ve- 
ficles the quantity of ſeed was ſo much dinu- 
nithed, that in ſeven hours there ſcarce fe- 
mained enough for one experiment. The 
teſticles on the other hand of the ſame indi- 
vidual preſerved their juice ſufficiently, and it 
Was fit for fecundation. But that which was 
expreſſed from the teſticles of another male 
left dead for a day, was in ſufficient e 


(a) About 73 or 74 of Far. thermometer. 0 30 995 
2 10g, 35 1104, nearly of che ſame ſcale. 6 
ut 
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but altogether effete. In the proſecution of 
this enquiry, I found, that the continuance 
of the efficacy of this juice is connected with 
the temperature of the atmoſphere, or, to ſpeak 
more properly, with the time in which it be- 
gan to grow putrid, as happens with reſpect 
to ſeed alſo (xxx). Hence in warm wea- 
ther, the teſticles afford nothing fit for im- 
pregnation after nine or ten hours have elap- 
ſed; whereas when kept in an ice-houſe, 
their juice is efficacious after thirty- four hours. 
It appears, however, from a compariſon of 
this with the preceding paragraph, that in the 
ſame temperature this Juice retains its virtue 
longer. Does this ariſe from its not becom- 
ing putrid ſo ſoon, at leaſt when it. remains 
in the teſticles? I incline to this opinion, 


Wthough I have not made any direct experi- 


ents with this view. 

CXXX111. The teſticles of the toad are fo 
ſmall, that when expoſed to the air, they be- 
come ſhrivelled and dry, ſooner than they 
putrify. In the mean time they do not loſe 


their virtue, but the juice, as long as they 
etain any, is fit for fecundation. 

As they dry, they grow hard, and aſſume 
the appearance of thin leather; when put 
into water, they reſume their former plump- 
. Preſſed, they PE to be full 

of 
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of it, muſt evaporate during deſiccation, 


minutes in air or water watmed. to about the 


before they are proper for generation. The 


either in men or animals before a certait 
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of juice, but it will not cauſe the evolution of 


gerins. And this is by no means matter of 
ſurprize, ſince the better and more active part 


The ſame effect is produced by exceflive 
heat, as when the teſticles are kept a fey 


thirty-fifth degree, 

If we combine the facts related in this and 
the foregoing paragraph, with thoſe of the 
cxxxth'and cxxxift, it will appear, that the 
ſame cauſes are deſtructive of the qualities of 
the ſeed, and the juice of the teſticles, In- 
deed it cannot be otherwiſe, ſince the latter 
fluid conſiſts chiefly of the former; the ſame 
worms inhabit both. Hence it may be un- 
derſtood how it came to paſs, that when! 
bathed tadpoles with the juice taken from the 
teſticles of toads long kept by themſelves, fe- 
cundation did not take place; this was not 
owing to a deficiency, but to the bad quality 
of the juice. It was to no purpoſe to try 
the juice of the teſticles of young toads, 


failure aroſe from the want of ſeminal fluid, 
which, as is well known, is not produced 


age. . 
|  CXXXIV, 
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c xxxlv. In the artificial ende of 
both theſe ſpecies of toad, I had uſed ſeed or 

juice of the teſticles not adultered with any 

other ſubſtance. But having propoſed in this 

chapter to enquire into the conſequences that 
would follow the alteration of thefe liquors, 

it became me After the trials already inſtituted, 

to- mix various matters with them. The 
light difference between the ſeed and the 
juice of the teſticles,” rendered it probable, as 
in fact it happened, that their admixture 
would not prevent fecundation. Water too, 
hough a fluid effentially different, did not 
ſeem likely to produce ſuch an effect, ſince 
he ſeed is emitted into water, and neceſſa- 
ily mixed with it; and with reſpect to the 
ewt, we have ſeen, that this is a requiſite 
ondition to impregnation (cxx1x). In the 
oad water heightened the prolific power of 
he ſeed; but I content myſelf at preſent with 
giving a imple intimation of this fact, and 
lefer to the next chapter a particular account 
f it, as well as of the important conſequences 
t affords. I here confine myſelf to other li- 
quors. In opening the ſeminal veſicles, the 
eed which when unmixed has the purity and 
ranſparency of water, is always adulterated 
1th blood that iſſues from the inciſion made 
the abdomen : the mixture is then not un- 


Al. jb : like 
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like the waſhings of fleſh; I have uſed it for poure 
bathing a conſiderable quantity of tadpoles, ¶ he ſur 
and have found it juſt as good as pure ſeed, une? 
Further, blood, after being thus mixed, ſoon mixtu 
coagulates, and if taken away, leaves the ſe. WW... n 
minal liquor as pure as ever. I have taken ¶ theſe 
up ſome of the clots, and after rubbing the carefu 
tadpoles with it, have found that it animate and tl 
them, on account, no doubt, of the feed that ¶ I uſed 
' adheres to it. The ſame remark may be ap- Mal way 
plied to the other fluids of both male and fe- tion © 
male toads; the bile, the ſaliva, the juice uſed, 
expreſſed from the liver, lungs and kidneys, Nas if i 
and in ſhort the urine itſelf, do not prevent ¶ was n 
the ſeed from producing its proper effect, not- Whad a 
withſtanding the laſt is thought by many to vinege 
be poiſonous, or at leaſt corroſive. and acri- both c 
monious. Human urine is not prejudicial neſs, 
provided. it is uſed in equal quantity. Bu which 
the number of tadpoles became leſs when the Hthrouę 
portion of urine was increaſed, inſomuch thing 
that when it was uſed in double quantity, Th: 
none were evolved. Vinegar agrees ve with 


— 


nearly with urine. Human faliva is innoxiouficacy. 
in whatever proportion it is employed. Henn c. 


I may poſſibly be aſked, whether a real in. 


Vas in 


corporation of theſe ſeveral liquors with thW(cc4. 
ſeed, took place: or rather, whether the rcdDro136 
time af 


formed a ſeparate and diſtinct body, as watt! 
1 . pourel 
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— 


poured into oil; in which caſe it would not 
be ſurprizing, though fecundation ſhould en- 
ſue? I reply, with great confidence, that the 
mixture took place in the firſt of theſe ways, 
and never in the fecond. When I dropped 
theſe different liquors into the ſeed, I was 
careful to obſerve what changes happened, 

and that I might be better enabled to judge 


always to be attended with a real incorpora- 


uſed, it appeared as limped and homogeneous 
as if it had been water alone. When the ſecd 
was mixed with black vinegar, the mixture 
had a blackiſh colour, and when with white 
Wvincgar, it was ſomewhat leſs opake. In 
both e the acid loſt ſomewhat of its ſour- 
neſs, a certain proof that the ſeminal fluid, 
which of itſelf is inſipid, had been diffuſed 
hrough the whole of the vinegar. The fame 
hing took place when urine was tried. 


F 9 _w» 


Frith the ſame fluids, loſt nothing of its ef- 
nheacy. And as it tinged-theſe fluids with its 
dwn colour, it was reaſonable to infer that it 
vas incorporated with them as well as the 
leed. It appears therefore, that both theſe 
prolific liquors preſerve their qualities ſome 
time after the death of the animal, both when 
I | pure, 


[ uſed the microſcope. The mixture ſeemed _ 


tion of the two fluids. When water was 


The juice of the teſticles after being mixed 
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pure, and when by being mixed among other 


matters they have ſuſtained a conſiderable d. 79 
viſion of their integrant parts. But I ſhal of th 
ſpeak more particularly concerning fecunda. 4 
tion after a great, nay, almoſt infinite er 8 : 
ration of the particles. | 
 exxxv. I now come to deſcribe the various f p 5 
changes I have endeavoured to effect on tad. pol a 
poles before fecundation, which was the other mome 


principal object of enquiry. Having killed. rea 
| ſeveral females in the way deſcribed in the be hae 
cxxxth paragraph, I left the tadpoles for 
ſome time in the uterus. I wiſhed to knoy 
how long after the death of the female, the 


| Nao ant My 
young are capable of being impregnated; i ment. 
eight hours did not prove hurtful to them, female 
nor twelve; but when bathed with ſeed, aftet cold. 
| thirteen or fourteen hours had elapſed, the Wh 
difference became evident, for out of abouinſorn 
two hundred, more than eighty periſhed imme. 
To the tadpoles of three toads, ſixteen hour aving 
continuance in the yterus was fatal, but ſe-rhe c 
veral taken out of that of a fourth came to8M.:.4 1 
perfection. This inſtance may ſerve to con- pe ſo 
firm a maxim adopted by the moſt able phi. 
loſophers, according to whom a great mu- ted: 
tiplicity of trials is not merely expedieni race. 
but neceſſary, when we would eſtabliſh any 
propoſition. The induration of the tad- 
7 Py 


Vo! 
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poles of the three firſt toads, the thickening 
of the mucus and its incipient putrefaction, 
were indications. ſufficient to make me ap- 
prehenfive, leſt the application of feed ſhould | 
not be attended with any effect. But I ſup- 
poſed, that in a lower degree of heat the tad- 
poles might be kept longer, for theſe expe- 
riments were made in June, when the ther- 
mometer in the ſhade ſtood at 202-22 (a). 
It readily occurred to me, that recourſe ſhould 
be had to an ice-houſe, in which I had before 
kept the prolifie liquors good for a confider- 
able time (exxxl, cxxxiI). 

My ſuppoſition was confirmed by experi- 
nent. Tadpoles left in the uterus of two 
"W'icmales for forty-one hours in this degree of - 
cold, and afterwards moiſtened with ſeed, 
came moſt of them to perfection. I cannot 
inform the reader what effect is produced by 
immerſing tadpoles in various liquors, not 
uving had time for making ſuch experiments. 
The only one which I could try was water; 
and I ſhould not have imagined, that it would 
de fo detrimental as it really proved to be, 
conſidering that the tadpoles are always depo- 
ited and live in water. After tadpoles ex- 
racted from the uterus of a living toad, have 


(a) 20277, 228814. 


Voi. 1h; 8 been 
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been left four . in water, the application 
both of the ſeminal fluid and the juice of the 
teſticles was quite ineffectual. They all turned 
putrid in a few days. The ſame event took 
place on other occaſions, after the tadpoles 
had lain for three, two, and even one hour 
in water. 
made me deſirous of aſcertaining the preciſe 
time, during which tadpoles may be kept in 
water without being rendered unfit for fecun- 
dation. I found it to be exceedingly ſhort, 
about thirteen minutes; many kept immerſe 
longer, never came to perfection, and after 
a continuance of fifteen minutes not one was 
evolved. This at leaſt was what I obſerved 
concerning ſeveral hundreds. 

But how does water ſo ſoon damage theſe 
embryos? It is quite contrary to what happens 
when they are kept in the dry, whether they 
are left in the uterus, or placed 1 in a veſle]; 
for it is certain, that a continuance. of ſeveral 
hours will not under this circumſtance pre- 
vent the effects produced by fecundation. 
The beſt method of inveſtigating the cauſe 
of the difference ſeemed to be, to obſerve 
carefully what happens to the tadpoles, and 
the mucus in which they are imbedded, while 
they continue in water. It has been already 
ſeveral times obſerved, that the mucus and 

tadpole 


* 
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na poles conſtitute two long cords, which 
the female ſlowly diſcharges: The cords at 


WM fcſt fall to the bottom, but if the weather 
be warm they ſoon riſe to the top, and con- 
nue to float. This aſcenſion ariſes from an 
WW increaſe of bulk, which renders the ftrings 
WI ſpecifically lighter than water. The dilata- 
tion is obvious to the ſenſes, and if the dia- 
neter be taken before they are put into water, 
and after they have been immerſed ſome time, 
it will be found to be enlarged: This change 
muſt, I think; be imputed. to water inſinu- 
ating itſelf between the particles of the mu- 
cus. And my opinion is confirmed by the 
two following reaſons; the ſtrings, when left 
in the dry, do not increaſe in bulk; and if 
thoſe which have been immerſed be ſqueezed, 
water will ooze out of them. From theſe ob- 


Yſervations, I think we may account for the 
; WH hindrance water occaſions to fecundation. It 


is obvious, that the ſeed muſt . traverſe the 
mucus, in order to reach and impregnate the 


n. tadpoles. Now it muſt either inſinuate it- 
ic i ſelf into the pores of that ſubſtance, or paſs 
ve along certain ducts provided on purpoſe by 
Nature. When theſe openings, of whatever 
le kind they may be, are free, as in the caſe when 
Ye cords are kept in the dry, the paſſage of 
d che ſeed through the mucus will not be in- 
ch N 2 terrupted; 
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; could foreſee ; for it is oertuin, that theſe ani- 
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terrupted; but ſhould they be cloſed, its in- 


greſs will be prevented; this muſt be the con- 
ſequence of immerſion in water, and thus we 
come to underſtand why in a few minutes 
they are rendered incapable of being fecun- 
dated. 

CxXxxvii. The inſuperable obſtacle ariſing 
from the infinuation of water, has been 


guarded againſt by Nature, when fecundation 


is left to the animals themſelves. The male 
toad, as well as the. male frog, eject their ſeed 
upon the ſtrings, . when they have been only 
a very ſhort time in water. And I have 
found, that the male always impregnates 
thoſe which have been juſt brought forth, 
and which conſequently have been juſt ſub- 
jected to the action of water. Thus as if 
they could foreſee that fecundation would not 
take place after the tadpoles have lain ſome 
time in water, they never beſprinkle ſuch 


with ſeed. I have put ſome females in water 


by themſelves during the act of parturition, 
and after about a yard has been excluded, have 
admitted an equal number of males. The 
males aſſumed their proper ſtation without 


delay, and began to impregnate the tadpoles 


lying cloſe to the anus, without paying any 


regard to the others. I ſaid above, as if they 


mal 


* 
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mals have not ſagacity to diſtinguiſh between 


thoſe that are fit, and thoſe that are unfit for - 
impregnation. The inſtinct allotted to them 
by Nature, prompts them to mount upon the 


female, and in this ſituation to impregnate 
the young. In ſuch a poſture, they neither 
do nor can impregnate any but thoſe ſituated 


near the parts of generation; and thus they 


unwittingly fulfil the great purpoſe of Na- 
ture, the propagation of the ſpecies. Hence 
it is evident, that although fecundation is ex- 
ternal both in toads and frogs, as it is com- 
monly ſuppoſed to be in fiſhes, it is not ef- 
fected when the fetuſes are ſeparated from the 
female, and lie at the bottom of the water. 
Of this truth, I have had the moſt ample 
proof in every ſpecies of frog and toad men- 


tioned in theſe two diſſertations; for when 


many pieces of cord have been put in veſſels 
of water containing males, of which the ſe- 


minal veſicles were quite turgid, not one fe- 


tus out of ſo large a number ever came to per- 
tection. We muſt therefore conclude, that 
not a drop of ſeed was ever caſt upon them, 
ſince we have ſeen that a fingle drop is ſuf- 
hcient to impregnate great numbers. 
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ARTIFICIAL FECUNDATION OF THE TREE- 
FROG, AND THE GREEN AQUATIC FROG, 


CXXXVIILY WAS obliged to confine my- 

ſelf to a few experiments on 
the tree-frog, as well as on the water-newt, 
not on account of the difficulty of bringing 


the fetuſes to perfection, as was the caſe with 
_ reſpect to that diminutive quadruped, but on 


account of the few I 


poſſeſſed when I was en- 


mation therefore which I am able to give the 
reader, conſiſts in aſſuring him, that my at- 


tempts to produce artificial fecundation were 


ſucceſsful with four couples of the tree-froy, 


both when the ſeed and the juice of the teſ- 


ticles was employed, 

I ſhall therefore proceed to the green aqua- 
tic frog, a ſpecies with which its prodigious 
abundance in the plains about Pavia has ena- 
bled me to make as many trials as I could 


455 wiſh. But in the firſt place, let me dwell a 


moment upon the deſcription of the parts of 
Erheration belonging to the male; thoſe of 


the 
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the female, have been already deſcribed in the 
firſt chapter of the foregoing diſſertation. | 
After the abdomen has been opened, and 
the inteſtines removed, the bladder, the ſemi- 
nal veſicles, and the teſticles appear in fight. 
The firſt of theſe parts lies very near the 
anus, and is apparently divided into two lobes, 
though it has in reality one cavity, for it may 
be evacuated by opening either lobe. When 
the bladder is full, it partly covers the ſemi- 


nal veſicles; but when the urine is evacuated, 


they are ſeen very diſtinctly. They lie a little 
higher than the bladder, and conſiſt of a thin 
membrane, through which the ſeed is ſeen; 


it has the tranſparency of water, Each of the 


veſicles is provided towards the top with a long 
appendix, which is inſerted in the epidydimis, 
and may be called the vas deferens. Four 
teſticles have been ſometimes obſerved in the 
newt, an obſervation which I have had occa- 
hon to verify, But frogs and toads are never 
ſo richly provided, In the preſent ſpecies 
there are two teſticles, which have the colour 
of the yolk of an egg, and are externally gra- 


of juice at the ſeaſon of amours, as are alſo the 
ſeminal veſicles (xx). 


cxxxix. I uſed both the feed and the juice 
of the teſticles for. artificial fecundation, My 


— 


nulated like thoſe of toads; they are very full 


N 4 firſt 
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firſt trials conſiſted in impregnating tadpoles, N which 
recently taken out of the uterus of living fe. ¶ liquor 
males, with the recent prolific fluids of the IM them 
male. I afterwards uſed theſe liquors, after I glaſs, 
they had been kept and were approaching to. Ws it t- 
wards putrefaction, —_— tadpoles in like cir. Wl *<tly < 
cumſtances. Laſtly, I tried the effects of MW ance, 
mixture with 2 ſubſtances. Theſt Ml The : 
heads comprehend the experiments related in Nas in 
the foregoing chapters. The event was the into | 
ſame, with the exception of a few flight va- {MW tans 
riations. The prolific liquors of the green of th 
aquatic frog preſerved their qualities longer I bathe: 
than thoſe of toads; but they do not ſo well I hemif 
reſiſt the action of ſudden heat. The ſeed of their 
toads, expoſed to the temperature denoted by ter 
. 32* fora few minutes, did not loſe its virtue WW Prove 
(exxxi), but that of this frog did in my ex- than 
periments. The prolific liquors of the frog The 
preſerye their efficacy when mixed with more hemil 
human urine than thoſe of the toad will bear. WM 2s 
The tadpoles of the frog ſooner loſe the capa- ¶ .be b 
bility of being fecundated in the uterus of the ¶ cund- 
dead female than thoſe of the toad. Such differ 
are the principal differences, that; 
cxY. I now proceed to an account of * the t: 


new experiments, which I hope will be ac- In 
- ceptable to the reader. I had on all occa-{Wporti 
HORS Scher completely covered the mucus did n 


which 


| WH. 
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which ſurrounds the fetuſes with the prolific 5 is | 
liquor, by means of a pencil, or immerſed oF 1 
them in a quantity contained in a watch- 8 
glaſs, ſo that every part was moiſtened, But 1 
is it to be ſuppoſed that they muſt be ſo ex- 1 
actly covered? The queſtion was of import- Ws 
ance, and experiment alone could decide it. 1 | 
The mucus is not drawn out into long cords 9 : 
as in toads (xXLVv, LXVIII), but is moulded 9 


into balls or globules, of which each con- 1 
WH tains a tadpole. Theſe balls, when taken out 
Wot the uterus, may be eaſily ſeparated. ' 1 
bathed ſome all round, others only over one 


hemiſphere, and others over one-third of 1 
their ſurface; and immediately put them into 1 
vater. The animation of all theſe tadpoles 
proved, that it is not neceſſary to cover more Wl 
chan a part of the mucous ſpheres with ſeed, | A 9 
he tadpoles of this ſpecies are round; one 1 
e bemiſphere is white, the other black (xiv). 1 
Does bathing the mucus which is oppoſite to 1 
he black or the white hemiſphere produce fe- - 
e cundation moſt certainly? Or is this an in- 8 
different circumſtance? Experiment ſhewed, ' = 
that which ever part is moiſtened with ſeed, * 
che tadpoles are evolved alike. | 1 
. In my laſt trials I had not bathed a ſmaller Nl | 2 
portion than one-third of the ſurface. But I = 


did not ſtop here, I reduced the ſpace more _ 
| and 4 "17 


* 
* 
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pregnated two. I repeated this curious ex- 
fection was double of that of the balls that 


| tadpoles of both were very often evolved, 
The ſeed therefore of the great aquatic frog 


and more, till there remained not above the ex! 


point of a pin, and even of a needle, which! xperi 
dipped into ſeed, and then brought once intoh..;c 
contact with a ball; and yet fecundation ag 1 
readily followed, as when the globules were North 
covered all over. I was next curious to know ſequet 
whether a quantity of ſeed fo inconſiderable Nubſta 
would fecundate the tadpoles lying conti- Havi 
guous to the ſphere that I touched. I placed MWhulcs 
twenty-four globules in twelve watch-glaſſes Wks w. 
full of water; the two globules in each glaſs ¶ t abo 
lay clofe to one another, and the viſcidity a ¶tuatio 
the gluten kept them in this ſituation. Ihe pe 
then touched, with the point of a needle dp 
dipped in ſeed, one ball in each glaſs. Bui hot in 


as twenty-two, tadpoles came to perfection, 
it appeared that every drop of ſeed had im- 


periment with the ſame quantity of ſeed, and 
alſo with a ſmall addition. In the former 
caſe the number of tadpoles that grew to pet- 


were touched: in. the latter it always was; 
nay, when two globules were brought into 
contact with that which was touched, the 


is ſo powerful, that the ſmalleſt drop is fut- 
ficicat to impregnate ſeveral tadpoles. 
g 5 CXILI. 


bs 


” 
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erb i, Conſidering that in this ſurprizing 
xperiment the ſmall quantity of ſeed muſt 


have paſſed through the mucus, before it 


ould fecundate the tadpoles, I thought it 
orth while to try what would be the con- 


ſequence of doubling. the thickneſs of this 
ſubſtance, and uſing the fame portion of ſeed. 
Having put with this view ſome ſingle glo- 


les in watch-glaſſes, I laid hold of the mu- 


kus with a ſmall pair of forceps, and ſtretched 


t about an inch. After fixing it in this fi- 


uation, I touched the extremity once with 


he point of a needle dipped in ſeed. The 
adpoles ſometimes were ſpoiled, but they, 


ot infrequently, came to perfection, an evi- 


dent proof that the drop of ſeed had traverſed 
he whole thickneſs of the gluten, for as it 
as extended in an horizontal direction, it 
ould not be ſuſpected that it had run down 
he outſide. . . 

The next experiment bears a cloſe relation 
o this. About fifty globules were put into 
glaſs- tube hermetically ſealed at the bot- 
om. The tube was placed in a vertical po- 
tion; and a ſtratum about an inch thick of 
pluten was placed at the top; the gluten wid 
o fixed, that it roſe towards the circumfe- 
ence, and was deprefled in the center, and 
bus it formed a kind of funnel. Upon this 

1 | was 
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was dropped a little ſeed, and as ſoon as it yo 
was loſt (which ſoon happened), the gluten og 
was removed, and the tubes were placed in th 
dy the 

water. When the quantity of ſeed was not of off 
exceedingly ſmall, almoſt all the tadpoles _ 


were animated, at other times ſeveral ſpoiled, 
I repeated the experiment, ſubſtituting the 
white of an egg in the place of the mucu, 
But then not one tadpole was evolved. When 
J put a little upon the globules, it grew pu- 
trid and communicated the ſame fermentation 

both to gluten and tadpole. 
The two firſt experiments related in thi 
paragraph, ſhew the wonderful efficacy of the 
ſeminal liquor of the frog, though in ſuch 
{mall quantity in penetrating into the mucus 
and paſſing through it without loſing its vir. 
tue. This phznomenon muſt be either ow. 
ing to the pores of this ſubſtance, or to c- 
pillary tubes wrought by Nature, in order t 
imbibe the ſeed and tranſmit it to the body 
of the tadpole. The white of the egg being 
deſigned for the firſt nouriſhment of the 
chicken, an animal widely different from the 
tadpole, muſt neceſſarily be conſtrued dif 
ferently from the mucus, which affords nous 
riſhment to the tadpole. Hence it is eafyt0 
jew log why the * of the proliſt 
ot "ny 
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iquor through the white is impoſſible , while 
t is ſo eaſy through the gluten. 
cxLII. But if we are ſtruck with ſurprize 
oy the ſmall doſe of ſeed which is capable 
| effecting impregnation, the following ex- 
xcriments will very much increaſe this emo- 
ion. In the cxxxivth paragraph I inti- 


mated that this fluid, when mixed with wa- 


er preſerves its efficacy, but I poſtponed the 
articular diſcuſſion of this matter: I ſhall 
zow enter upon it. In my firſt trial, equal 
nuantities of the ſeminal liquor and water 
ere uſed. Finding that this mixture was 


it for my purpoſe, I doubled the proportion 


f water. In every experiment I employed 
rhat was afforded by the veſicles of one 
og, which never exceeded three grains. 
zut the effect was heightened very much by 
his increaſe of water, inſomuch, that twice 
he number of tadpoles was evolved: Not 
hat the water concurred in producing this 
itcrence by any virtue of its own, but be- 


auſe the ſeed was fo much attenuated, that | 


t might be ſpread over twice the number of 
adpoles. For the fame reaſon, when the 
ater was in the proportion of four to one, 
Iree hundred came to perfection, whereas 
rhen theſe fluids were in equal quantities, 
ot more than one hundred were evolved. 


This 
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This fortunate reſult gave me courage to thy 


the mixture of a pound of water with three 
grains of ſeed. And here my ſucceſs way 
greater than I could have conceived. To my 


aſtoniſhment almoſt all the tadpoles furniſhed 
by the uterus of two females, were brought 


to life by being immerſed in this mixture. 

. Convinced that admiration ſometimes takes 
ſuch ſtrong hold of an object as to hinder 
reaſon from conſidering it properly, I ſought 
to leffen it by a reflection. When I put the 
tadpoles into water, they ſunk, as uſual to the 


bottom, where they were held by the mucus, 
Now did it happen that the ſperm, heavier 


perhaps than water, fell to the bottom, er- 
actly upon the ſpot on which the tadpoles lay! 
If fo, fecundation was not produced by {ce 
diffufed through ſo much water, but confined 


to a much narrower compaſs. By this ſup- 


fition, ſhould it prove true, the wondet 


would be very much leſſened. The way! 


took to determine this queſtion was, to mit 
the ſeed of another frog with a freſh pint d 
water. Now ſuppoſing the ſpecific gravity d 
the former liquid to be greater, it would go 
to the bottom in the ſpace of an hour. A 
the Expiration of this time I fixed tadpoles al 
various heights in the water. If we ſuppol 
that the ſeed fell to the bottom, it is my 
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that thoſe only which lay there would be im- 


pregnated. They were indeed impregnated, 


but at the ſame time all thoſe which occu- 


pied different ſtations were likewiſe i impreg- 
nated, not excepting thoſe which were at the 
ſurface. Nor could I perceive that the low- 


eſt had the advantage of being evolved in 


greater proportion. The conſequence is ob- 
vious, the ſeed did not fall to the bottom, 


but was diffuſed equally through the maſs. 


he firſt ſurprize therefore returns. Three 
grains of ſeed may be diluted in a pint of wa- 
er, without loſing their ſtimulating power! 

cxL111. The reader will eaſily gueſs, that 
iter having carried the experiment ſo far, I 

ould ſtill urge it onwards, and employ quan- 


Fities of water ſucceſſively larger, till the fe- 


undating virtue ſhould be diminiſhed or de- 
zoyed, for it is natural to imagine that this 


nuſt happen at laſt. I therefore next em- 


loyed eighteen ounces inſtead of twelve, and 
he tadpoles placed at different heights did as 
vell, and were nearly as numerous as before. 
But the product was leſs in two pounds of 
vater, and about one-third leſs in three, four 


ounds were ſtill more prejudicial. But not- 


ithſtanding this diminution of effect, I could 
ot help . when I ſaw that even 


upon 
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upon the addition of twenty-two pounds d 
water, a few tadpoles came to life. 


a quantity of pure ſperm ſuffices, a drop taken 
up by the point of a needle! (exL). Thi 


three grains are diffuſed in twelve, and in 
eighteen ounces of water (CxLII, CXL111), 
But the facts which I am now to adduce; 
finitely ſmaller will produce the fame effed 


comprehended in a drop of water ſcarce vil 
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CXLIV. We have already ſeen how ſmall 


truth appears with ſtronger evidence, whey 


prove yet more forcibly than a quantity ins 
How diminutive muſt be the particles of ſeed 


ble, and taken from a maſs of water of eighteen 
ounces, in which three grains of the ſeminll 


fluid have been diluted, the reader may im 1 ne 
gine. They are, notwithſtanding, capableſWroug! 
of producing fecundation. I dipped the point the 
of a needle into this mixture, and toucheliſual | 
ſeveral globules with it. The diameter olffcpt ir 
the drop taken up was about one-fiftieth of ure w 
line. To my great ſurprize the tadpoles fie ere pi 

- quently grew to perfection. And what adden the 
ſtrength to this emotion was, to find that thol the & 
imbedded in globules touched at one point Laſt 
were evolved juſt as well, and as ſpeedihhhntain 
as thoſe of others immerſed in pure ſeed. rves 1 
cxLv. Having ſeveral pounds of - waterp=") pr 

_ , containing n three grains of ſeed, I walputy-1 
— | unn Vo. 
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unwilling to lay them Aste before I had made 


ſome further experiments. I firſt tried, whe- 
her the water is rendered ſterile by the fe- 
cundation of a number of tadpoles. As many 


plobules as a pound of water would contain 


ere immerſed in it; they amounted to ſeve- 


al thouſands. After they were taken out, 


tthers were thrown in; and theſe came to 


ife juſt as well as the former; and fo did 
thers afterwards immerſed; I was weary of 
epeating the experiment before the water 


ſt its efficacy: I kept an account of the 


adpoles of fifty frogs, which were ſucceſ- 


vely put into this water without impairing | 


s prolific power. 

I next tried, whether a fetuſes of frogs are 
rought to life ſooner by a long continuance 
the water; A pound was divided into 
qual portions, and in one ſome globules were 

pt immerſed for a fecond, and then put into 

re water; at the ſame time, other globules 


ere put into the other portion and left in it; 


t there did not appear to be any difference 
the evolution of the tadpoles, \ 
Laſtly, I wiſhed to know how long water, 
Ntaining ſo ſmall a quantity of ſperm, pre- 
tves its qualities. It preſerves them longer 
an pure ſeed. It would impregnate tadpoles | 
irty- five hours after the mixture, when the 
Vor. II. | 7 WI 5 ther- 
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thermometer ſtood between 1 7* and 199 (a 
in my apartment. In an ice-houſe, in which 


the thermometer ſtood (5) 3*+ above the 


freezing point. I have before obſerved, that 


putrefaction probably deſtroys the . prolific 


power of the ſeed (cxxx1i). And ſince it 
does not ſo ſoon run into this degree of fer- 
mentation, when divided by a large quantity 
of water, we eaſily underſtand how it comes 


to retain its virtue longer. 


CXLvi. From the cxLth to the CXLvth 
paragraph, I have related experiments made 


with the ſperm of frogs, without mentioning 
But it muſt not be 


the juice of the teſticles. 
ſuppoſed that I have neglected to make uſe of 


it; the ſingularity and beauty of the enquiry 


in which I was engaged, required that it 
ſhould not be overlooked. I employed this 
Juice in every trial mentioned in-the prece- 
ding paragraphs; whenever I opened the ſe- 
minal veſicles of a frog, I at the ſame time 
took out its teſticles. I was thus eaſily enable 
to remark the reſults afforded by each of theſt 
fluids, and if there was any remarkable dif- 
ference, it could not fail to ſtrike me; but 
no ſuch difference was ever c n 


(a) 17=704, 19 kt of F. 
(5) 3*$=39 or 40. 
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cxxvth paragraph. I there obſerved, that 


the juice of the teſticles of the terreſtrial toad { 


with red eyes and dorſal. tubercles, impreg- 
nated in-like circumſtances a ſmaller number 
of tadpoles than the ſeed, I was ſpeaking 
of it when mixed with other ſubſtances; and 
| ſubjoined, that it was not in my power to 
determine, whether the defect was to be 
aſcribed to inferiority of efficacy, or to its 


thickneſs, a quality which prevents it from 
being ſpread over ſo large a ſurface, . The 
addition of other ſubſtances, but eſpecially of 


water, ſhews, that the latter is the true cauſe. 
[ have found on many trials, that the juice of 
the teſticles, as well of the frog as the toad, 
imparts to water as great n as an equal 
quantity of the ſeed. 

cxLVII. I muſt not omit to mention ano- 
ther circumſtance of ſome importance. The 
great abundance of each ſpecies of toad men- 
tioned in the two preceding chapters, which 
has fallen into my hands in the courſe of the 


preſent year, has enabled me to make as many 


experiments with them as with the green 


aquatic frog; and I have obſerved no eſſential 


difference in the reſults. Frogs and toads 
conſtitute but one genus; they copulate and 
propagate the ſpecies in the ſame manner; 


O 2 : the 


Diss E AnTATI0O AN 11. 195 
may here clear up a doubt ſuggeſted: in the 
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| the reſemblance of the organs of generation 

in both ſexes is very cloſe; the fetuſes are 
impregnated in the ſame way; they are alike 


imbedded in mucus: ſo many marks of afli- 
nity eaſily enable us to comprehend, Why ex- 
eriments ſo numerous and various afford 
correſponding reſults. 
Before I conclude my account of theſe at- 


y * 


tempts to effect artificial fecundation, I muſt 


make two obſervations. Every experiment 
is not crowned with ſucceſs alike. Suppoſe, 


for inſtance, five hundred tadpoles to be bathed: 


with the ſeed of a frog or toad, and other five 


hundred with that of another. Let the! 


quantity of this fluid be the fame in both 


caſes, and imagine the fetuſes to be taken 


out of the uterus. The effe& will certainly 
follow; we may be ſure that the tadpoles vil 
be evolved; but we cannot be equally fure 
that the ſame number, or nearly the ſame 
number, will be evolved; for it ſometime 
happens, that the whole of one five hundred 


come to perfection, while half of the other 
or more fail. So it falls out likewiſe when} 
they are left to nature, as I have frequently 


witneſſed when I kept theſe animals in vel- 


ſels, in order to diſcover the fecret of im- 


pregnation, and any follower of ſuch pur- 
ſuits may obſer ve che thns thing i in the opel 


Ria | | fields. 
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geld In May we may ſee in the ſtagnant 
waters, in which frogs celebrate their amours, 
ſome tadpoles that have lately quitted their 
mucus and are ſwimming about, while others 
are till involved in it; but they ſhew ſigns 
of animation, and are ſeemingly eager to break 
looſe from their confinement. If we fix our 
attention upon the latter, we ſhall perceive 
in the heap globules not clear and tran- 
ſparent like thoſe which contain living tad- 


poles, but turbid, and of a muddy white co- 


Jour; they haye no motion, nor are they 
elongated like the others, but remain at reſt 
and preſerve their original round ſhape. The 
fiſſures upon the ſurface are evident ſigns, that 
the fetuſes will never grow to perfection. 
The ſame obſervation may be made upon the 
long ſtrings of toads. This partial failure 
may be traced to two ſources: it may ariſe 
either from the ſeed or the tadpoles. If every 
part of this liquor ſhould not be equally pro- 


lific, the whole will not produce fecundation. 


Part alſo of the tadpoles may be vitiated, and 
incapable of being impregnated. 

My ſecond remark relates to the difference 
of time requiſite for evolution. Though they 
ſhould all be taken from the ſame Nate 
and all equally covered with ſeed, yet they will 
not all be equally forward in their growth, 
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There will be i the difference of 1 


few hours, and ſometimes of a whole day, 


It may be obſerved, that of the lateſt more 
fail than of the others. This circumſtance 


guided me in my enquiry, whether a ſmaller 


quantity of ſeed did not produce ſuch ſpeedy 


effects. This did indeed now and then take 
place, but my often repeated trials convinced 
me that it was but ſeldom. Upon the whole, 
thoſe which were impregnated with a larger 


quantity of ſeed were not more advanced, and 


in a few inſtances they were not fo forward, 
Upon weighing the ſeveral facts which I ob- 
ſerved, I was obliged to conclude, that a 
larger or ſmaller quantity of ſeed is an indif- 
ferent circumſtance in this reſpect. The tar- 


dineſs of evolution ſeemed to be owing to the 
cauſes ſpecified above. 


cxLVIII. I ſhall cone the cha pter, 


with an anſwer to a queſtion often aſked con- 
cerning artificial fecundation. Many lovers: 


of experimental inveſtigations have enquired, 


whether the tadpoles and newts which I 


brought to life, exactly reſembled, both ex- 
ternally and internally, thoſe which are the 


production of pure nature; and whether I 


was certain, that they loſe the ſhape of a 
worm in order to acquire the form of the 


— When firſt I was thus interrogated, 
I was 


53 


le 


as 
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was acquainted only with the few reſults of 


y firſt experiments made in 1777, and con- 
equently could not give a ſatisfactory anſwer, 


he lineaments appeared to be very much - 
like, both in the products of art and thoſe 


pf nature; but I had not then conceived any 
dea of making a particular compariſon be- 
ween them. After I had obtained my pur- 


poſe of bringing theſe animals to life, and they 
ad grown to maturity, I was willing to en- 


quire further, though I ſa no reaſon for ſup- 


poſing that artificial fecundation ſhould alter 


he laws of Nature. The compariſon was 
owever made in the preſent year (1780), and 
can confidently affirm, that upon the moſt 

inute examination I have never diſcovered 


the ſmalleſt difference, either in the external 


or internal parts; both the one and the other 


have undergone the accuſtomed change at the 


ime appointed by nature, the tadpoles be- 


oming frogs and toads, and the young newts - 


oſing their gills and producing their legs. 
It is therefore evident, that artificial fecunda- 
tion does not produce the ſmalleſt alteration 
in the economy of theſe animals, but that 


every thing proceeds in the fame regular te- 


Nour as in natural fecundation. 
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| EXLIX, [J!THERTO rr 
departed from the duty of the {pct 


E mere e a duty which I have diſ-W gen 
N Charged with the greater pleaſure, ſince th the 
|: "a facts I had to relate had the recommendation WM tak 


# of novelty. , But it is now fit that I ſhould 
aſſume the character of the philoſopher ; that 
I ſhould analyze and compare theſe facts, and 

_ employ them not only for the further illuſ 
9 tration of ſome truths which I have eſtabliſhed 
relative to generation, but alſo for the ex- 
_ plbanation of different phænomena accompa- 
4 nying this admirable function. The follow. 
ing reflections will, I hope, contribute to 
this purpoſe. 
1. That the females of ſeveral 8 
animals contain in their uterus fetuſes com- 
pleatly generated before the approaches of 
the male, 1 is one of the principal propoſitions 
ſhewn in the preceding diſſertation, It 18 
x proved at length in paragraphs XVIII, XIX. 
XXX. Li, LV, IVI, LVII. LXXIT. XC. 


It is earned in the, un Hanger 
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| of this diſſertation. Hence by paragraphs 
cx, xi. are deſtroyed the two famous ſyſ- 


The facts related in the preſent diflertation 


furniſh a. new proof, or rather a demonſtra- 
tion of their falſhood. | Let us take a ſhort 


mW view of the queſtion. Thoſe who conſider the 
hell {pcrmatic worms as the immediate authors of 
generation, muſt of neceſſity ſuppoſe, that 
the WM they exiſt in the ſeed whenever fecundation 
on takes place, It is therefore obvious, that 


ud according to this ſyſtem the ſeminal fluid 
be will be unprolific, when it is totally deſti- 
and tute of theſe inhabitants. And indeed its 


ul. advocates admit this. But it does not agree 


hel with facts, Though in the ſeed of the ani- 
ex: mals ſo often mentioned vermiculz may be 
pa. generally obſeryed, yet in that of two toads 
w. they were entirely wanting; but it impreg- 
to nated tadpoles, juſt as well as the ſeminal 
fluid of other individuals, however well 
zou peopled that might be (cxx11). In the 
m- next place, when the ſeed of the frog or the 
; off toad is mixed in equal quantity with human 
ions urine or vinegar, the worms are all deſtroyed. 

t 5 The ſeed, however, as I obſerved in the pro- 


XIX. per place (cxxx1v), did not loſe its prolific | 


cl. power. It retained this power when a few 
aph grains were mixed with twelve ounces of wa- 
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ter, and even with eighteen, though 1 could 


not diſtinguiſh a. fingle ſpermatic worm, ſo 
thinly were they diſperſed through that large 
body of water. It ought likewiſe to be ob- 
ſerved, that in ſeed long kept, which yet 
anſwered the end juſt as well, I often found 
the worms dead, and floating upon the fluid 
of the veſicles, and likewiſe upon the juice of 
the teſticles. Laſtly, I could eaſily bathe 


_ tadpoles with ſeminal liquor abounding in 


worms, and yet prevent them from having 


the leaſt concern in fecundation. When a 


drop is put upon the obje&t-glaſs of the mi- 
eroſcope, every part of it is full of worms, 
But when a little evaporation has taken place, 
they begin to quit the circumference, and af- 
ſemble towards the center, as the animalcu- 
les of infuſions uſually do. As evaporation 
advances, they continue to fly towards the] 
center, though many are caught, and died in 
the dried part of the drop. At this time! 
could take up with the point of a needle, at 
the edge of the liquor, many drops that were 
entirely deſtitute of worms. That I might 
be quite certain, I placed what I took upon 


another object-glaſs; and when I found that 
it was quite free from worms, I touched ſe- 
veral tadpoles, and found that they came to 


perfection. My long experience in the wy 


f 


of microſcopical animals, whether belonging 


inveſtigation. Theſe facts prove then irre- 


and his followers is falſe. 


entitled to particular praiſe. But if we con- 
ider their arguments we ſhall find that they 
re rather alluring, if I may uſe the expreſ- 
ion of the great Verulam, than convincing. 
aller alone, the immortal Haller, has, in 
y opinion, produced an inſuperable objec- 
ion againſt the ſpermatick worms, conſidered 


rom his celebrated diſcovery of the con- 


he Winuation of the membrane of the yolk with 


in Inne inteſtines of the chicken. Now as the 
eo exiſted in the hen before ſhe received 
at he cock, ſo did the chicken likewiſe before 


cre ecundation. Whence he drew this corol- 


ght WYary, that the chicken had no de pendence 


200 WWpon the ſpermatic worms, which paſs from 
hat he cock to the hen. This inference, how- 


ſc- Wh ver juſt and dire& it may appear, has not 
; to ſcaped the ſubtle cavils of ſome, who have 
* bjected the poſſibility of an inoſculation be- 


tween 
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to man or animals, will, I hope, vouch for 
me, that I was not deceived in this delicate 


ragably, that the ſyſtem of Lewenhoeck. 
cL. This ſyſtem, it is true, had 1558 at- 


acked by many naturaliſts, among whom 
alliſneri, my illuſtrious fellow- citizen, is 


is the authors of generation. It is deduced 
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tween the membrane of the yolk, and the 
ſpermatic worm coming from the male, 
whence they derive the continuation between 
that membrane and the inteſtines, obſerved 
by the phyfiologiſt of Berne. He, how- 
ever, in his great work, and, after him, the 
acute Bonnet, have ſhewn how un philoſo- 
phical ſuch a ſuppoſition is. But it is cer- 

tain, that no ſuch objection can be made to 
my obſervations on tadpoles, both becauſe 
they exiſt before fecundation, and becauſe in 
experiments, in which artificial fecundation 
was produced (cxr Ix), the ſpermatic worms 
were not preſent. I 
c. This fingular mode of impregnation, 
equally demonſtrates the falſhood of Epige- 
neſis, or of that ſyſtem, which has been 
raiſed from the dead, protected and careſſed 
by Buffon; who, by means of his organic 
molecules, has created an imaginary organic 
world, as his countryman Deſcartes had be- 
fore conſtructed the whole maſs of exiſtences, 
both organic and inorganic, with his ſubtle 
matter. The ſpermatic worms having firſt 
ſtruck his ſenſes, and being thence trans- 
' ferred to his fervid and creative fancy, loſt 
their former name of animals, and acquired 
the new title of organic molecules. What 
violence has been offered to nature by this 
| | vnin⸗ 


DISSERTATION 11. 205 


attempt to ſhew, having treated the ſubject 
at length in my ſecond Eſſay on the Natural 
Hiſtory of Animals and Vegetables. But if I 
admit, for-a moment, the reality of this ex- 
travagant opinion, it will follow, that when- 


ever the ſeminal liquor of animals is deſtitute 


of worms, it muſt, according to this re- 
now ned naturaliſt, be alſo deſtitute of orga- 
nic molecules. And as fecundation and ge- 
neration depend upon the various combina- 
tions of theſe molecules, ſeed that does not 


contain any of them muſt be unfit for ſuch 


purpoſes. In the inſtances mentioned in the 
cxLixth paragraph, the ſeed of frogs and 


toads muſt therefore have been unprolific, 


which is directly repugnant to fact.  -—-_ 


CLII. 11. The confutation of theſe ſyſ- 
tems confirms more and more this iraportant 
truth, that the young belong originally to 
the female, while the male only furniſhes a 
fluid, which determines them to aſſume mo- 
tion and life. I would not indeed aſſert, 
that theſe little organized bodies are without 
motion before they experience the action of 
the maſculine liquor. From the time at 
which the tadpoles in the ovaria fall under 
the cognizance of the ſenſes, till they are 
about to be impregnated, they grow con- 

| ſiderably, 


unintelligible metamorphoſis, I need not now 
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ſiderably, inſomuch that they are many times 
larger at the latter than at the former period. 
Now growth implies nutrition, nutrition the 
circulation of the fluids, and circulation de. 
pends on the pulſation of the heart. I there. 
fore conceive, that, previouſly to the influ. 


ence of the ſeed, there was a beginning of Ml Ne 
motion and life, but in a degree exceedingly ing 
dull and languid, from the extreme ſlowneſs Wl 6:1 
of the movement of the fluids ; but this idea ¶ co, 
occurred to Haller and Bonnet before me, ful 
Hence tadpoles would never be ſo rapidly Will the 
evolved, or attain that ſenſible animation, N «1. 
which we denominate life, if they were not Wl wi 
ſubjected to the influence of the ſeminal fluid. mi 
This raiſes them from a ſtate of apparent ren 
ſhapeleſſneſs and immobility, and produces WW TI 
a due unfolding of the limbs, and evident ¶ wi 
motion, and active life. | an 
But the ſeed, in order to exert its power me 
upon tadpoles, muſt penetrate into them; Wl po 
for it is not likely that it can produce anima- Wl tac 
tion by mere impreſſion upon the ſkin. Are for 
the paths by which it enters perceptible to th. 
the eye? I have beſtowed much attention ¶ me 
upon this queſtion, and the repeated in- up 
ftances of Mr. Bonnet have ſtill further en- ¶ no 
gaged me in ſo difficult an enquiry. I there - ta] 
fore examined ſome mucilaginous globules N w. 


{ oy * 


* 1 
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diſcharged by frogs, with a weak microſcope. 
The mucous cover was ſo tranſparent, that 
I might have ſuppoſed the tadpoles to be na- 
ked, if I had not been ſure of the preſence 
of the gluten. But I could not perceive any 
pore or aperture either on it or the tadpoles. 
Neither did a glaſs of more highly magnify- 
ing power ſhew any ſuch appearance. I next 
ſtripped the fetuſes of their mucus, but diſ- 
covering nothing in thoſe globules that were 
full, I determined to try whether eyacuating 
them would contribute to the ſucceſs of my 
enquiry. Making, therefore,. an. incifion 
with a ſmall ſcalpel, I preſſed out all the ſe- 
mifluid matter lying within, ſo that nothing 
remained but the empty ſkin or membrane. 
This was examined firſt with a weak and then 
with a powerful lens, when there appeared 
an immenſe quantity of lucid points, which 
ver may reaſonably be ſuppoſed to be ſo many 
m pores. I ſaw the fame apertures upon the 
na- tadpoles of toads. This ſuppoſition, there- 
Wy forc, ſhews how the ſeminal fluid enters into 
to the body of the tadpole through innumerable 
uon g mouths. The preſence of theſe apertures 
upon every part of the ſkin, explains a phæ- 
nomenon before mentioned, why fecundation 
takes place whatever part of the globule, 
whether that which correſponds to the belly, 
or 


— 


%. 
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or the head, or the tail; be touched with 
ſeed; for when this fluid has traverſed the 
gluten, it is ſure to meet with paths prepared 
for its entrance. _ | 
 EL111. III. "Thoſe, who have ſuppoſed 
that the fetuſes are not generated during the 
act of fecundation, but that they pre-exiſt 
long before, and are contained within the 
female, have explained their animation, by 
imagining, that the feed of the male enters 
into the fetus, and reaches the heart. By 
gently irritating the cavities of this organ, it 
excites alternate dilatation and contraction, 
and thus the fluids are forcibly impelled ints 
their reſpective veſſels. Hence follow, as fo 
many neceſſary conſequences, the dilatation 
of the veſſels, an increaſe of the quantity of 
| fluids, a great irritability of the heart, ati 
univerſal ex panſion of the ſolids, and con- 
ſequently the growth of the animals both in 
bulk and maſs. Such is the doctrine de- 
livered among others by Haller and Bonnet 
in their uſeful productions, and long before 
them Valliſneri, who deſerves the greater 
praiſe, ſince he was unacquainted with the 
facts that directly prove the pre- exiſtence of 
the germ, and was guided only by the twi- 
light of conjecture. When I conſider the 
evident pultation of the heart, which is pre- 
32 vious 


rious to the leaſt motion in any of the limbs, 
the evolution of the veſſels and of the whole 
animal, which is conſequent upon the action 
of this muſcle, its irritability,==that property, 
by virtue of which it feſumes motion, when 
ſtimulated by any mechanical agent, at a 
time when there are no remains of irritability. 


7 Winduce me to adopt the opinion of theſe 
writers: I ſhall, therefore; with them con- 
) Widcr the ſeminal fluid as a ſtimulus; which 
penetrating to the heart; and powerfully irri- 


u, Witing the internal parts, excites more fre- 
2 quent and ſtronger pulſations; whence ariſe 
0 


that manifeſt extenſion of parts; and that 
animation which ever follow impregnation; 

of Both theſe effects are influenced by the 
temperature of the atmoſphere. The ſaga= 


in vill ſooner take place in warm weather, and 
e= ater in eold. Tadpoles fecundated early in 
et the ſpring, as thoſe of the terreſtrial toad 
rc with red eyes and dorſal tubercles; require 
er ceveral days to appear; and if the heat ſhould 
be only a few degrees above congelation, ten 
of or eleven afe neceſſary. On the contrary, 


i- che evolution of the tadpoles of the fetid 


he ¶ toad and of frogs is very quick, for they are 
c- Wiecundated in May and June: I once ob- 
us P | ſerved, 
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in the other muſcles, all theſe circumſtances 


cious reader eaſily conjectures, that they 


— 


— 
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ſerved, that when the thermometer ſtood at 
21*, they became. animated in lefs than 
twenty-four hours; whereas thoſe of the very 
ſame ſpecies (viz. of the green aquatic frog 
did not arrive at this ſtate till the fifth day, 
when the temperature of the air was about 
13» (a). The ſame variation is obſervable 
in the fetuſes of the water-newt, of ſcaly 
fiſhes, the tortoiſe, the crocodile, and in 
general of oviparous inſets: and what is 
truly ſurpriſing and ſcarce credible, the dil. 
ference of temperature has the ſame effed 
upon the eggs of birds, of which it might 
be imagined, that they could not be hatched; 
but in a determinate heat, ſuch as that of 
the female, which is about 32* (5). In this 
temperature the eggs of hens are hatched very 
regularly in twenty-one days. But by a di- 
minution of the heat, Mr. Villers, a ſenſible 
naturaliſt of Lyons, has retarded the appear 
ance of the chickens to the 25th; and Mr, 
D*Arcet, by increaſing the warmth, has 
hatched them on the 13th day. 

CLIV. Iv. I have had occaſion to make! 
| fingular obſervation upon the ſeed of the froy 
and toad, the proper ſtimulant of the heart ol 


the tadpole. It is diſtinguiſhed By two pro- ¶ co 
perties from the ſeminal liquor of other ani- gi: 
ha 


(a) 615 of F. p (2) 322104 of F. 4 4 
| mals. 


| b 1s 3 BA TAT 0 i; 30 
mals. Tt is as tranſparent as water and has 
not the leaſt viſcidity. It evaporates nearly 
in the ſame time as water; and hence would 
ſeem to have no ſpirituous parts; as is more- 
over evident from its not taking fire, when 
| brought to the flame of a candle, and ex- 
tinguiſhing burning coals when it is thrown 
upon them. To the taſte it is inſipid, and as 
it does not efferveſce either with acids or al- 
j kalies, it muſt be conſidered as neutral. Theſe 
. qualities would appear to agree but ill with 
ect the nature af a ſtimulant; if we underſtand 
oht by this term a pungent, cauſtic, or ſpirituous 
d; ſubſtance. But this is not the ſenſe in which 
of WH Haller and his followers conſider thoſe bo- 
his dies which ſtimulate the heart. They mean. 
en fuch as are capable of irritating the fibres of 
d- this muſcle, by which means it is excited to 
ible WY motion if at reſt, or if otherwiſe to an in- 
14. WF creaſe of action. To this claſs of ſtimulants 
Mr. belong the blood, water, air, and the ſeminal 
has fluid, which will appear to be more powerful 
than the fluids previouſly circulating in the 
ce a tadpole, if we conſider the ſlowneſs of their 
frog motion. 
t of CLV. v. A quantity of ſeed far more in- 
pro- contiderable than we ſhould ever have ima- 
ani- J gined, is ſufficient to animate a tadpole. We 
have ſeen, that it is not neceſſary to cover the 
P 3 fetus 


\ 
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forms completely with this prolific fluid. A 
drop will ſuffice (cxL). Further, three 
grains mixed with twelve, and even with 
eighteen ounces of water, communicate to 
every part of it the power of fecundation, 
fince tadpoles placed in any part of the 
mixture are impregnated (cxLII, CXL111). 
The three grains of ſeed muſt therefore have 
been diffuſed through the whole maſs of wa- 
ter. But what an enormous diviſion of its 
particles muſt ſuch a diffuſion occaſion? 
How ſmall a portion of the prolific liquor will 
fall to the ſhare of each tadpole ? Yet there 
are facts which prove, that the ſemen till re- 
tains its virtue after this exceſſive diviſion; 
for I have found a globule one-fiftieth of a 
line in diameter taken out of a mixture of 
three grains of ſeed, with eighteen ounces of 
water, was often capable of fecundating a 
tadpole (cxLiv). Deſirous of knowing the 
proportion which the tadpole (that of a frog 
is two-thirds of a line in diameter) bears to 
the particles of feed diffuſed in a drop of this 
dimenſion, I have found, on calculation, that 
it is as 1004777777: i. How infinitely 
ſmall, therefore,” is the quantity of ſeed in 
compariſon of the bulk of the fetus. which 


it fecundates! This deduction led me to 
calculate the weight of the particles of 


| e 


ſeme 


1 
19946 
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(a) 
ſumin 
18 dia 
cubic 
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emen diſperſed in this drop of water: it is 
757g 5g Of a grain. That I might view theſe 
particles under every pothble aſpect, I reduced 
their bulk to cubic lines, when it appeared 
to be about equal to rer of a cubic 
line (a). „ e 


(a) This note will ſhew how I obtained theſe numbers. Aſ- 
ſuming with Metzius, that the circumference of a ſphere is to 
is diameter as 355 : 113, the ſolid contents of a ſphere 4 of a 
cubic line in diameter will be == X 555 =:422 of a pes 
line, and this will be the bulk of a radpole to be tecundated. 

The ſolid contents of a ſphere 4; of a line in diameter are 
reise ie s, and this will be the mals of the 
drop of water mixed with teed, 


The ſolid contents of a cylinder which has 37 lines for the di- 


ameter of its baſis, and is 35 lines high, are z , 


11344 


2nd this is exactly the volume of Water weighing 18 ounces, in 


which three grains of ſeed have been dropped. 
The ſolid contents of a cylinder of which the baſe is one line 


in diameter, and the height 10 lines, is 229355 —3550, and 


this is the volume of the three grains of ſeed. i Eb 


Now ſuppoſing that the ſeed is equally diffuſed in the water, 
the volume of water with the ſeed, and the volume of the drop 
of water mixed with ſeed, will be proportional to the weight of 


all the ſeed, and to the weight of the ſeed mixed with the drop - 
of water, Hence, as the weight of all the ſeed is three grains, 


it will appear from the rule of three, that the weight of the 

ſeed diffuſed in the drop of water is 245 76 8765 Of a grain. 
As in homogeneous bodies the weight is directly as the bulk, 

having the weight of the whole ſeed and that of the ſeed mixed 


wich the drop of water, we ſhall find by the ryle of three, that 
the bulk of the ſeed contained in the volume of water is 9 


882118728 Of a cubic line. 
If we now compare the bulk of the tadpole with that of the 
{red contained in the drop of water, it will appear to be as 


1904777777 : ; be 
| 23 - _ CLyYL, 
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CLVI. VL. Here I may be aſked, how 4 Wc 
portion of ſemen ſo infinitely ſmall can make MW*"*/ * 
ſuch an impreſſion upon the heart of a tadpole in 
as to accelerate its pulſations and increaſe Upon 


odou! 
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vellic 
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their ſtrength, and thus to quicken the mo- 
tion of the fluids and animate the whole 
ſyſtem. I reply, that there are not wanting 
examples in the animal kingdom to give 
countenance to ſuch a ſuppoſition. A drop 
of the poiſon of the viper, introduced into a 
wound, is ſufficient to deſtroy the irritability 
of the muſcular and the ſenſibility of the 
| nervous ſyſtem, and to cauſe the death of any 
animal whether great or ſmall. A man, a 
dog, an horſe, or an ox, are deſtroyed juſt as 
certainly as a ſparrow, a goldfinch, or a mouſe, 
If we conſider for a moment, the. proportion 
between the bulk of the venom and that of 


an horſe or ox, we ſhall not be leſs ſurpriſed, f 
that ſo ſmall a quantity of poiſon ſhould be mY 
fatal to theſe great animals, than that ſo mi- wa 
nute a portion of ſeed ſhould animate one in- pref 
teh ſmaller ON: But we have facts that cifi 
: | more 255 
() I cannot but remark, Ae the author has been ſomewhat FOR 
unfortunate in the example which he has choſen for the purpoſe mir 
of illuſtration. Fontana has proved, by numerous experiments, time 
that che effects of the venom of the viper are directly as its Fror 
quantity, and inverſely as the bulk of the poiſoned animal. the 
'This 1s yery ſtriking in his trials on dogs, of which the ſmaller man 


ſpecies were always deſtroyed by the ſame quantity that ſome- 


2 
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more directly prove, how very ſmall a quan- 
tity of ſeed may produce a conſiderable irri- 
tation of the heart. A grain of ſtorax thrown 
upon the fire will fill a whole room with its 
odour. The particles therefore muſt be diſ- 
perſed, through every part of it, and notwith- 
ſtanding their extreme minuteneſs, are capa- 
ble of vellicating the nerves of the noſe, and 
exciting the idea of a particular ſmell. This 
vellication is ſo ſtrong, as to occaſion ſneezing 
in ſome perſons of the more delicate ſex. If 
then the inconceivably minute exhalations of 
certain bodies make ſuch impreſſions upon 
our organs, why ſhould we wonder that a 
few particles of ſeed prove a ſtrong, ſtimulus 
to the heart of the tadpole, an organ ſo much 
more ſuſceptible of external . as 
it is more finely framed than ours? 

CLVII. VII. But the quantity of ſeed re- 
quiſite for the animation of a tadpole has its 
limits; it is not infinitely ſmall. I have ex- 
preſsly obſerved, that the quantity above ſpe- 
cified, was frequently ſufficient for the pur- 
pole (cxLiv, LV). Whence it is to be 
inferred, that it ſometimes failed. The di- 
minution of the doſe of ſeed afforded a more 


times killed the middle-ſized, and ſcarce ever, the large ones. 
From the data afforded by his experiments he calculates, that 
the poiſon of ſeveral vipers is requiſite to deſtroy the life of a 
man, and a ſtill larger quantity to kill an ox. 


FS - decifive 


: 


$16 p23 ATI 11. 


deciſive proof. I put a drop of this fluid 
upon a ſmooth pane of glaſs, and drew it out 
with the point of a needle, into a fine and 

almoſt inviſible filament, ſometimes an inch 
long. I then took ſeveral mucous ſpheres 
and rolled them ſometimes along half, ſome. 
times along a third, at others along 2 quar- 
ter of this filament. This experiment is | 
analogous to another related in paragraph 
CXL111, where I obſerve, that if three grains 
of ſeed be diluted in two or three pounds of 
water inftead of a pound and a half, fewer 
tadpoles will be evolved, and that the num- 
ber continues to decreaſe in proportion to the 
increaſe of the quantity of water. 'The por- 
tion of ſeed then neceſſary to produce fe- 
cundation, muſt amount to a determinate 
quantity. | | 

I am notwithſtanding af opinion, that the I tion 
quantity of ſeed which effects impregnation I ma 
is ſmall beyond conception and nearly ap- of 
proaching to what is ſpecified in the cLvth aſh 
paragraph. Hence I am inclined to believe I itt 
that the ſurplus does not contribute at all to ve 
fecundation. My opinion is founded upon abl 
the following confiderations. As fecunda- an 
tion is an indiviſible operation, if. the ſuper- anc 
abundance contribute to promote it, it can fol 
as be by haſtening the animation and thi 


gromth 
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growth of the tadpoles. This muſt be in 


conſequence of a greater number of particles 
exciting the heart to ſtronger vibrations. 


But ſuch a notion is repugnant to facts; there 
is no difference either in the time or the de- 
gree of evolution, whether the fetuſes be en- 


tirely covered with pure ſeed, or only touched 


with an infinitely ſmall drop (cLxiv). I 
cannot therefore imagine, what purpoſe the 
ſurplus of ſeed can ſerve, and am obliged to 


conſider it as uſeleſs. Nor is it difficult to 


comprehend, how an inviſible particle only 
may be capable of producing fecundation if 
it be confidered how inexpreſſibly ſmall is 


the area of the veſſels which it enters, for 


canals ſo narrow muſt refuſe to admit above 
a very minute portion. 

CLVIIL. VIII. But a very na queſ- 
tion occurs here. As theſe amphibious ani- 
mals are animated by ſuch a trifling quantity 


of ſeed, may this diſcovery be extended to 


fiſhes, birds, quadrupeds and man? Or may 
it be aſſerted in terms ſtill more comprehen- 


live, that nature employs only ſo inconſider- 


able a portion of ſeed for the fecundation of 
animals in general? The queſtion is curious 


and intereſting, but cannot I think yet be 


ſolved for want of data. I am aware, that 
this opinion is poſſible, 'nay, that the ſtriking 
| inſtance 
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inſtance before us renders it in fome meaſure 
probable. I cannot, however be certain, that 
it is really ſo, when I reflect upon the multi- 
plicity of means employed by Nature to attain 

the ſame end. Perhaps, therefore, this ſo- 
vereign Artiſt, may allot various quantities of 
ſeed for fecundation, according to various 
qualities of animals. But in order to diſco- 
ver whether ſhe really admits ſuch variety, 1 
can imagine no other way than that of com- 
pariſon. Let us, for inſtance, compare what 
happens in the amphibious animals which are 
the ſubject of theſe Diſſertations, with what 
takes place in other claſſes, as in fiſhes, in- 
ſects, birds and quadrupeds. The know- 
ledge derived from ſuch different inſtances, 
may enable us to fix our ideas with ſome de- 
gree of ſafety. We have, I believe, but two 
diſcoveries on artificial fecundation, that of 
Mr. Jacobi, inſerted Berlin Memoirs (a), 
and mine. But without any deſign to leſſen 
the merit of that naturaliſt, T may be allowed 
to fay, that from his experiments we can 
only conclude, that artificial fecundation took 
place in the two ſpeoies of fiſh of which he 
ſpeaks. Theſe were the ſalmon and trout. 


After putting their mature, but unimpreg- 


nated. eggs in clear water, he let fall pon 


— 


(a) Tom. 20. 


them 
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them ſeed from the milt of the male till the 
water began to grow white, In about five 
weeks the young fiſhes made their appear- 
ance. This is the amount of the whole pa- 
per of Mr. Jacobi. It affords no information 
concerning the preſent queſtion, ſince the 
German experimenter has not aſcertained, 
with any degree of preciſion; the quantity of 
ſced neceſſary to produce fecundation. In- 
ſtead of doing this, he has ſtopped at the firſt 
ſtep, and has finiſhed his trials juſt where an 
inquiſitive naturaliſt would have begun them. 
But if experiments on artificial fecundation 
are not yet ſufficiently numerous to afford the 
neceſſary data, we cannot expect them from 
natural impregnation. A fmall ſhare of in- 
formation concerning the generation of man 
and animals will convince us of this truth. 
It remains, therefore, that we proſecute the 
experiments upon artificial fecundation in a 


rational manner. Beſides the light which a 
ſeries of well-devifed experiments would caſt 


upon the problem propoſed, it would cer- 
tainly clear up many obſcurities in the hiſtory 
of animals. My enquiries relate to an order 
of beings, in which we are certain that fe- 
cundation is external. But I invite natura- 
liſts to beſtow part of their attention and ſa- 
gacity upon that incomparably more nume 

rous 
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rous claſs of which it is equally certain, that 
this function is performed within them. Of 
theſe, ſome, as is well known, are ovipa- 
rous, others .viviparous. It will be proper 
to keep ſome females apart from the males, 
and to obſerve the time at which they lay 
their eggs. We may then make upon the 
eggs ſuch experiments as are deſcribed in 
this Diſſertation. I do not think it will be 
difficult to adapt them to viviparous animals, 
if we uſe different means, and ſuch as wil 
act internally, nor do I ſee any reaſon to de- 
ſpair of ſucceſs. Attempts, apparently more 
arduous, have not diſappointed the hopes of 
the adventurous enquirer, and ſuch unex- 
pected inſtances of ſucceſs have occaſioned 
revolutions in natural philoſophy. 

CLIX. Ix. The ſeed, agreeable to the 
principles of Mr. Bonnet, is not only the ſti- 
mulant, but the nutriment of the fetus. 
The, proofs of his opinion are theſe. The 
organ of the voice in that mule, which is the 
product of the mare impregnated by the als, 
very cloſely reſembles that of the male parent. 
If the germ exiſt in the female before im- 
pregnation, it muſt have been a horſe in mi- 
niature, and not a mule or an aſs; the organ 
therefore of the voice ought to correſpond to 


that of the horſe and not of the aſs, Thc 
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(ed muſt then have modified the organ of the 


voice in the germ according to that of the 
male parent. In conformity with this model, 


the parts of this organ grow and are unfolded; 
yet we know the aſs contributed only a fluid. 
It is therefore neceſſary to admit, that this 
fluid nouriſhes the component parts of the 
larynx, and that it is incorporated with their 
ſubſtance, ſince growth is the natural and 
immediate effect of nutrition. The ſperm 
then is not a ſimple ſtimulant, it 1s moreover 
a nutritive liquor. The naturaliſt of Geneva 
ſtrengthens his deduction by the inſtances 


re of the growth of the beard in man, of the 


of Wl creſt of the cock, and the horns of the ſtag, 
„which are certainly owing to the efficacy of 
ed the ſeed. 


Haller, in his great work, agrees only * 
part with the before- mentioned philoſopher. 
He allows that theſe phænomena depend 
8. upon the ſeed, not indeed as a nutritive li- 
he H quor, but as an impelling or ſtimulative 
he principle. The evolution of the hair, the 
„ Who:ns, and the creſt, is owing to the ſperm, 
it. which, being received again into the blood, 
excites the heart, by its alcaleſcent acrimony, 
to attenuate by ſtronger pulſations the viſcid 
juices, and to impel them into the ſmall 
 Wiclicls, by which means the prexiſting germs 
- hs ͤ,ĩ 
e 
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of the hair and the horns pullulate, and thi 
creſt grows to a larger ſize (a): With regard 
to the organ of the voice in the mule, its 
evolution ariſes from the greater power in the 
ſeed of the aſs than the AER to unfold and 
enlarge the parts (5): It appears, therefore, 
that according to the Swiſs phyſielogilt, 1 
> _ ſimulating quality alone is ſufficient, not 
only for the animation of the fetus; but alſo 
to explain thoſe phenomena, which, accord- 


ing to Mr. Bonnet, require, that the ſeed T 

ſhould be conſidered as nutritive. I ſhall Ml the 

not preſume to decide between theſe great Wl ſeed 
philoſophers: I venerate their merits, and Wi pole 

am better qualified to admire than to judge Wl opin 

them. IT will only obſerve, with the utmoſt WM teſt 

deference, that in the frog and toad the WM ſtim 

prolific fluid cannot be fuppoſed with any Wl enh: 

probability to perform the office of a nutritive ¶ part 

principle. I intreat the reader to call to heat 

ö mind what is ſaid in paragraph cLv, about ll and 
* the proportion between the bulk of the ſeed WI Wit 
N and that of the tadpole ; it is nearly as 11 feed 
1064777777. Suppoſing, therefore, the tad- and 

f pole to be nouriſhed by the ſeminal fluid, its I te 
8 growth would not exceed the bulk of the ſeed, Bil War 
if that is to ſay, it would be next to none. It vii 
. may be added, that if the nutrition of th Im 


tadpole, at the commencement of evolution, 


(a) El. Phyſ. I. xxvii, Sect. 3. (3) L. c. lib, xxix, Sect. 2. 
: came 
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ought to grow faſteſt and be evolved ſooneſt. 


the moſt inconſiderable drop, and one covered 
compleatly with this fluid, do not differ in 
this reſpect (xl Iv). I therefore, from my 
experiments, cannot aſſign to the ſeminal 
liquor any other quality, Wende; that of a 
ſtimulant. 

Though the preceding obſervations PII 
the ſtrongeſt reaſons for believing, that the 
ſeed is a real ſtimulus to the heart of the tad- 
pole; yet, as this is a mere hypothetical 


teſt of experiment. Reflecting, that the 
ſtimulating power of any ſubſtance muſt be 


parts, and that this end may be attained by 
heat, I determined to warm the ſeminal fluid, 
and then to moiſten ſome tadpoles with it. 
With this view I mixed three grains of the 
ſeed of the frog with half an ounce of water, 
and having heated it to 30% (a), I immerſed 


which the thermometer ſtood at 17%. That 
he might have a term of compariſon, I fecun- 


MN; (a) zog gg, and 17 oi of F. £ 
2, ws dated - 


Yet we know, that a tadpole touched with 


opinion, I was deſirous of ſubmitting it to the 


enhanced by increaſing the activity of its 


twenty tadpoles in it, and immediately after- 
wards removed them into pure water, in 


came from the ſeed, thoſe which were bes . 
dewed with the greateſt quantity of this fluid, 


ri enuSnTaTiOoN: ttc 


dated other twenty tadpoles with the fame 


mixture, after it had acquired the tempera- 
ture of the atmoſphere: The device was not 


ineffectual. The tadpoles fecundated in the 
; heated mixture, were ten hours more for- 


ward than the others, a phænomenon which 
I cannot but attribute to the greater energy 


and ſtronger ſtimulatin 8 N from 


the action of heat. 


. The ſtimulating power, which 


animates the embryo, is not loſt, though the 
feed ſhould have been kept ſome time after it 


This hap- 


has been taken out of the body. 
pens alike, whether it be kept unadultered or 
mixed with other liquors (cxxx1, CcxLv): 
It is truly wonderful that a ſingle drop ſhould 


not be loſt, when mixed with ſo large a body 


of water (cxLII, CXLI1). Will the ſeminal 


liquor of other animals preſerve in like manner 


its efficacy? For want of facts we muſt have 
recourſe to conjecture. The preſent inſtance 
may be an exception to a general rule and con- 
fined to a particular claſs, in which fecunda- 
tion is external and takes place in water, and 
on this account the ſeed is expoſed to circum- 
ſtances, never experienced by that of other 
animals. But, on the other hand, it is poſ- 
fible that thoſe properties may belong to other 
en fluids. In my ſecond Egay on the bet 
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tural Hiſtory of Animals and V. egetables I ob- 


ſerve, that the ſeed of man, and various qua- = 


drupeds, does not become corrupt for ſeveral 
hours after it has been taken from its natural 
receptacles. I confirm this obſervation by 
ſhewing, that the worms continue to ſwim 
about briſkly for ſome time, provided it is 
kept properly heated. If, therefore, the ſeed 


of man and quadrupeds preſerve its natural 


it not alſo retain its ſtimulating power, which 
is the cauſe of fecundation 7 And if ſo, is the 
famous ſtory of Averroes, concerning that un- 
fortunate queen, who became pregnant after 


ſo very ridiculous ? 


* 2 — r 7 5 
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qualities under theſe circumſtances, why may 


bathing, without any commerce with man, 
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WHETHER FECUNDATION Is AN EFFEcTM tha 
Of TRE, AURA SEMINALIS., WAE TI pro 
OTHER LIQUORS ARE CAPABLE OF PR0- fac 
DUCING FECUNDATION. - TRIALS 10% fen 
PROCURE ARTIFICIAL MULES IN Tir 1 
AMPHIBIOUS . ANIMALS IN, QUESTION.Y ſup 
ARTIFICIAL FECUNDATION OF ri by 
SILK=WORM. ATTEMPT TO IMPREG- eit 
NATE A BITCH ARTIFICIALLY, — 
CLXI. HETHER the groſs viſibbe che 
part of the ſeed be neceſſary to ſtar 

"the fecundation of man and animals, or, de 
whether the inviſible attenuated part uſually the 
called the ſeminal vapour Or aura, be deſtined Uo! 
to this purpoſe, is a very ancient queſtion, du 
and ſtill continues to be debated every da). the 
Thoſe phyficians and philoſophers who fi- ba 
vour the latter opinion, are obliged to main *** 
tain it from a ſort of apparent neceſſity, n-. 
ther than by any direct reaſons or experi- 
ments. They reflect upon obſervations made n 
by diligent anatomiſts, who have found the 195 
vagina of ſome pregnant women either ve! "_s 
narrow or entirely cloſed. They attend all 4h 


two other numerous obſervations, from which 
it 
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it would appear, that at the time of impreg- 
the ſeed does not reach the uterus. 
Laſtly they reflect, that the orifice of the 
oviducts, or Fallopian tubes, is fo narrow, 
that it will ſcarce admit air, much leſs a 

They conclude, that ſo many 0 
ſtacles muſt prevent the ſeed injected into the 
female organs from arriving at the ovarium, 
where the embroyos are lodzed. 
ſuppoſed, that fecundation muſt be effected 
by the volatile part of that liquor, which 
either reaches the ovarmm by the way of cir- 
culation, or by riſing through the mouth of 
the uterus and along the tubes. 
ſtanding theſe arguments, many other authors 
adopt the oppoſite opinion; they think, that 
the groſs part of the ſeed operates impregna- 
tion, fince the narrow paſlages are enlarged 
during the ardour of enjoyment, and fince 
there are not wanting inſtances where ſeed 
has been found in the uterus, in the tubes, 
and even to have aſcended as high as the | 
ovaria, That the uterus, ſhould often, after 
coition, be found without the fluid of the 
male, they conſider as an objection of no 
weight, becauſe the obſervation was probably 
made after too long an interval, when the 
ſeminal liquor had paſſed out of this cavity, 
or becauſe. ſo ſmall a quantity had entered 


into 


Hence it is 


Notwith-' 
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r 


vapour alone reaches the ovaria; the latter, 


| experiments with the ſeed of the animals con- 


been before ſaid of the efficacy of ſeed, after 


a? 
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into it as to eſcape the notice of the in- 
ſpector. 

Such nearly are the arguments on each fide, 
but they are, in my opinion, inſufficient to 
decide the diſpute; the former, becauſe they 
do not irrefragably prove that the volatile 


becauſe though the groſs part ſhould arrive 
there, it ſtill remains doubtful whether the 
animation of the embryo is effected by this, 
or the attenuated part. To cut ſhort all con- 
troverſy, it will be neceſſary to ſeparate the 
aura, and to ſubject the fetus to its influence 
for then it will either be impregnated, 
manifeſt proof in favour of the ſeminal ex- 
halations, or it will not, and we may con- 
clude, with equal certainty, that the ſenſible 
part is neceſſary to fecundation. But this 
mode. of deciding the queſtion has not, I 
believe, occurred to any one, or at leaſt 1 
do not know that any one has reduced it 
to practice. But from the facility of making 


cerning which I have been treating, this ap- 
peared eaſy to be done. 


cLXII. The reader will recollect at has 


it has been almoſt infinitely divided. A drop 
of water, one-fiftieth of a line in diameter, 
taken 


\ 
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taken from eighteen ounces of water, with 
which three grains of ſeed are mixed, is capa- 
ble of impregnating a tadpole (cxLiv). This 
experiment 1s apparently favourable to the ſe- - 
minal aura, which, in the general opinion, 
is nothing but the vapour of the ſeed exceed- 
ingly rarefied. The facts, however, which 
I ſhall adduce, clearly prove the contrary. 

That I might moiſten tadpoles abundantly 
with this exhalation, I put a quantity of ſeed, 

amounting to eleven grains, taken from ſeve- 
ral fetid toads, into a watch-glaſs. In another 
ſomewhat ſmaller, I placed twenty-ſix tad- 
poles, which were fixed' very firmly to the 
bottom by the tenacity of the gluten. I then 
inverted it over the former, and in this ſitua- 


tion both glaſſes were left five hours in my 


apartment, where the liquor of the thermo- 
meter ſtood at 18%. The ſemen lay exactly 
under the tadpoles, and they could not but 
be involved in the rifing vapours, for the diſ- 
tance was little more than a line. Upon in- 
ſpecting the tadpoles at the expiration of the 
fifth hour, I found them ſo much covered 
with moiſture, as to wet my finger when I 
touched them; the moiſture was. the eva- 
porated part of the ſeed, which had loſt one 
grain and half. The tadpoles, therefore, had 
been bedewed with one grain and half of the 
"C2; ſeminal 


have eſcaped out of the glaſſes, they fitted ſo 
cloſely. The tadpoles, notwithſtanding they 


T could not avoid further enquiry. One 


the vapour, that drops were ſeen hanging 


its efficacy. After the tadpoles were moi- 
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ſeminal aura, for it cannot be ſuppoſed to 


were placed immediately in water, and left 
there ſeveral days, all periſhed, 

CLxX111. Though this experiment is un- 
favourable to the aura, yet it ſtood alone, and 


grain and an half ought indeed to fecundate 
many thouſands, much more twenty-ſix. | 
however choſe to increaſe the quantity of 
vapour, which could be done 'by only in- 
creaſing the heat. Placing every thing ex- 
actly as in the former experiment, I ſet the 
glaſſes in the window, where the heat of the 
ſun, being moderated by the glaſs through 
which it thone, amounted to 2 55, and could 
not therefore be prejudicial to fecundation. 
In four hours the ſpheres were ſo covered by 


from them. But the effect Cs was the 
ſame as before. | 

I repeated this experiment once more, not 
ſo much with a view of confirming the for- 
mer reſults, as to ſee whether the ſeed, after 
part had been reſolved into vapour, retained 


{tened with the exhalation, half of them were 
put, as betore, into water, all which came 
| to 
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to nothing. 'The other half were bedewed 
vith a little of the refiduum, and then put 
into water: they almoſt all came to perfec- 
ion. Theſe experiments ſhew, that the va- 
dour of the ſeed of the fetid toad is incapable 
Pf impregnating the young, and that the ſeed, 
after a conſiderable evaporation has taken 
place, 1s ſtill efficacious. 

cLXIv. Both theſe conſequences were con- 
firmed by ſubſequent experiments. The ſpace 
Wctween the tadpoles and the ſperm was about 
a line: that the vapour might be more effica- 
j10us, I reduced it to one-third of a line ; but 
ill to no purpole. 

I have already obſerved, that by the aura 
cminalis the vapour of the ſeed is generally 
Nunderſtood. Some phyſiologiſts think that 


Id ; . 
| Wis exhalation conſiſts of the odoriferous par- 
, ticles of that fluid; others that it is the moſt 
8 attenuated part, and others again that it is a 


very ſubtil ſpirit. Whatever it be, it is cer- 
tainly incapable of producing fecundation. 
Vet as ſo ſubtil a ſpirit might be thought to 
eſcape at the meeting of the glaſſes, I deter- 
mined to obviate this ſuſpicion by cementing 
Je edge of the upper glaſs to the inſide of 
© the other. I moreover ſubſtituted a little 
glaſs-funnel in the room of the upper watch- 
glaſs, and cemented it as before; the ſmaller 
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and the reſiduum was alſo efficacious (cLx111,) 


veſſels, where the air had free acceſs, I found 
it juſt as ineffectual as ever. 


poles in it, and left them ſeveral minutes. 
Twelve more were touched with the reſi- 


OPPOr tunities of repeating upon them the Wu: 


— 


orifice was hermetically ſealed. The tadpolet 
were faſtened to the neck, and the ſurface of 
the ſeed was enlarged that evaporation might 
be the quicker. I thought that the conical 
form of the funnel eee collect the aura into 
the point where the tadpoles lay. This ney 
apparatus was kept fix hours in a heat of 26, 
and the fetuſes were ſurrounded continually by 
the vapour, but the event was till the ſame, 


xper! 
LXII 
PEeare 
Tecun 


When I tried the effects of the aura in open 


cLxv. My laſt experiment made with this 
view was to collect ſeveral grains of the eva- 
porated fluid. I then immerſed twelve tad- 


duum, which did not exceed half a grain, 
but -eleyen of theſe grew to perfection, but 
not one of the others. 

Theſe various facts concur to prove, that 
fecundation in the fetid toad is not the effect 
of the aura ſeminalis, but of the ſenſible part 


of the ſeed. But my enquiries have been Mo! | 
extended further; the abundance of the toad dat 


with red eyes and dorſal tubercles, and of the Wt"'* 
green aquatic frog, has afforded me ample 


9 1ments 
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periments deſcribed in paragraphs cLx11, 
LXIII, CLXIV, CLXV. But the aura ap- 


peared on all occaſions incapable of producing 
fecundation. My few trials upon the tree- 


frog agree exactly with the others. 
CLXYI. As I had found the juice of the 
teſticles equally powerful with the ſeed, it 
as proper ta make trial of its aura. I had 
ſed this juice with equal advantage, when 
dure and when diluted with water. I have 
yaporated it under both theſe circumſtances 
n the ſame manner as ſeed; but always to no 
purpoſe: whence it was neceſſary to conclude, 
that this aura is juſt as mort 2 as that of the 
ſeed. | 
My experiments on theſe two ſpecies of 
aura were made in the ſpring and ſummer of 
1777, and I then gave intimation of them to 
Mr. Bonnet, as may be ſeen by ſome extracts 
of my letters, inſerted in the uſeful annota- 
tions on the third volume of the new edition 
of his works. I repeated them 1 in 1780, with 
the ſame reſult. 
Thus then it appears, that in two ſpecies 
of the toad, and as many of the frog, fecun- 
dation is not the effe& of the aura, but of 
the groſs part of the ſeed. But are we to 
ſuppoſe that Nature obſerves this rule in ani- 
Ya! and man ? Sound logic does not allow | 
us 
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us to deduce from ſo few facts a concluſion 
fo general. But theſe facts lead us to think 
the ſuppoſition probable. It is at leaſt certain, 
that we may venture to admit it, till contrary 
facts ſhall be adduced. And thus the great 
queſtion, whether fecundation 1s the effect of 
the aura ſeminalis, is clearly decided in the 
negative, with reſpe& to ſome animals, and 

with probability with reſpect to the reſt. 
 ._ CLxv1l. I may here obſerve, that it ap- 
pears from this, 'as well as the preceding 
chapters, that the part of the ſeed which is 
capable of effecting impregnation is not, as 
many ſuppoſe, a ſpirituous liquor, of great 
volatility, and liable to loſe its virtue when 
expoſed for ſome time to the air, after which 
there remains nothing but an effete matter, 
a kind of caput mortuum, as is incident to 
many liquors, produced both by art and na- 
ture, which, on this acgount, are kept care- 
fully ſhut up in veſle But nothing like 
this happens to the ſeminal fluid, though it 
be expoſed to the air for ſeveral hours; and 
after half had been driven off in vapour, the 
remainder was juſt as fit for fecundation as 
that which had been recently taken from the 
veſicles. The prolific liquor, to which theſe 
obſervations are applicable, may be compared 
in ſome meaſure. to water. Whether this 
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| W:icment evaporates, either from agitation of 

e air, or the action of heat, the refiduum 
retains the nature and properties of the whole 

maſs, But we may, on the other hand, re- 

mark a great difference. The vapour of 

water, when collected, poſſeſſes every property 

of water never ſubmitted to this proceſs, 

whereas the vapour of ſeed, though it may 

be condenſed into a liquid, does nat retain its 

fecundating power. It muſt therefore be 

ſuppoſed, that the particles, when ſeparated 

from the whole maſs, acquire ſome bad qua- 

lity, which diſqualifies them for occaſioning 

ſuch an irritation of the heart of the embryo, 

as will produce animation; though the mi- 
nuteneſs of the particles does not allow us to 

, Jiaveſtigate the origin and nature of this bad 
0 Wquality. „ 

„ erxviII. I now proceed to the diſcuſſion 
of another problem, which will appear both 
new and extraordinary. It was propoſed by 
Mr. Bonnet, in a letter concerning artificial 
1d fecundation. And although he was aware of 


— OOO. OE OT 


he Wit: extravagance, he did not heſitate to com- 
9 Winunicate it, in order that it might be put to 
he trial. I cannot explain his idea better, than 
lc by laying before the reader an extract from 
ed Whis letter of the 3 5th'of Auguſt, 1778. I 
3 will not conceal from you a viſion that has 


found 
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found its way into my head. Mr. Senebier 
muſt have informed you of the fine experi. 
ment of Mr. Achard, who has ſubſtituted 
electricity, in the room of heat, for hatchiny 
chickens, and has ſucceeded at leaſt in part 
If the electrical fluid be capable of cauſing 
the evolution of the chicken in the egg, i 
mult be owing to an acceleration of the velo- 
city of the fluids, or, what amounts to the 

| fame thing, to an increaſe of the irritabilit 
of the heart. Now I think I have given 
ample proof, that the ſeminal liquor fecun- 
dates the germ, by exciting the irritability of 
the heart. I could wiſh then, my dear Mal. 
pighi, that you would ſubſtitute the eledrical 
fluid in the ſtead of the ſemen. Should an 
experiment ſo original ſucceed, the fecunds- 
tion would be far more artificial than that 
which you have ſo happily effected. You 
may well imagine that I will not anſwer for 
your ſucceſs : it is probable, that the electrici 
fluid cannot perform the office of the ſeminal 
liquor; but we have ſeen ſo many unexpectel 
events happen in the organized kingdom that 


we cannot pronounce with too much caution 


concerning the impoſſibility of any experi- 


ment, more eſpecially of ſuch as relate to 
this ſubject.- Should we have ſuſpected, that 

the polype poſſeſſes ſuch ſurpriſing proper: 
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ies? And after the diſcovety. of the polype, 
ho would have ſuſpected the Ta 
f the head of the ſnail? | 
Such were the expreſſions of this profound | 
ontemplator of Nature. But various occu- | 
ations of another nature having prevented 
e from continuing my obſervations on arti- 
cial fecundation, it was not in my power to 
ttempt this ſtrange experiment, till the ſum- 
er of the preſent year (1780). To confeſs | 
She truth, I doubted exceedingly of its ſuc- 
e{s, not ſo much for the reaſons adduced by 
y celebrated friend, as on account of the 
riking difference between Mr. Achard's 
gg, which had received the influence of the 


ale beforehand, and the tadpoles which had 
ot been ſubjected to it. 


Having placed upon the conductor a me- 
allic veſſel, containing ſeveral fetuſes both 
f the frog and toad, I excited the cylinder, 
nd ſimply electrified them without ſparks or 

ocks, In the firſt trial the tadpoles were 
lectrified three hours a day for two days ſuc- 
eilively. As theſe became all putrid, I con- 
inued the proceſs in another experiment for 
our hours on three ſucceſſive days, but with 
o greater ſucceſs. I then electrified nine 
adpoles for thirty-three hours in the ſpace of 
wo days and a half, but the event was ſtill 
he fame, Inſtead 


as 
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Inſtead of placing the tadpoles in the ſituMj was 
tion already deſcribed, I fixed them to thi: tc 
point of a metallic rod ariſing from the con. ind 1 
ductor, knowing that the electrical fluid woulllM: ten 


now be more concentrated and energetie know 
But I was not more ſucceſsful, though theme 
were electrified nineteen hours in two days the 


All theſe experiments were made in hot 
weather, and the tadpoles ſhewed ſigns q 
decompoſition in three days, . 
At the ſame time I electrified other ini 
pregnated tadpoles : they grew faſter tha 
thoſe which were not electriſied, an event 
. thet exactly correſponds with the accelers 
tion of vegetation, occaſioned by the electric 
fluid. From theſe experiments we may con- 
clude, that electricity increaſes the velocity 
of circulation in fecundated tadpoles, but nt 
in the unimpregnated, probably . becauſe its 
action is not ſo mild and gentle as is neceſſay 
at this early period, and as that of the ſemi- 

nal liquor. . 
. CLxIix. Before Mr. Bonnet imparted to 
me his ingenious thought, and indeed at the 
time of my firſt obſervations concerning at. 
tiſicial fecundation, I conceived hopes d 
being one day the fortunate diſcoverer 0 
ſome fluid, equally efficacious with the ſe 
men, though of a different nature. "I 
| . wa 
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l was employed about the impregnation of 
me toad with red eyes and dorſal tubercles, 
ind had diſcovered the efficacy of the' ſeed 
taken out of the veſicles, I was ſtruck, I 
now not how, by the thought of trying 
Wome of the other fluids of the ſame animal. 
| therefore moiſtened ſome tadpoles with 
blood, others with gall, others with juice 
expreſſed from the different viſcera, as the 
heart, the liver, the lungs ; they were put 
into ſeparate veſſels, and ſome of thoſe that 
Whad been touched with blood and the juice of 
the heart, came to perfection. The ſurprize, 
which an event ſo. unexpected occaſioned, 
may be eafily conceived; but it may likewiſe 
be ſuppoſed that I ſhould repeat this experi- 
ment. But the reſult was now very different; 
not a tadpole was evolved. The ſame ill ſuc- 
ceſs attended many ſubſequent repetitions ; 
and I was obliged to conclude, that neither 
the blood, nor the expreſſed juice of the 
heart, 'has any prolific power. But whence, 
| ihall doubtleſs be aſked, the ſucceſs: of the 
brit experiment? It aroſe from an inadver- 
tency which I afterwards ealily detected. 
The tadpoles were taken from an uterus, 
which ! had touched with forceps, that had 
been uſed for taking ſome drops of ſeed out 
of the veſicles, Not being at that time * 
0 
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of the efficacy of an exceedingly minute 
quantity of ſeed I had not wiped the inſtru- 
ment very carefully. On this account, it 
muſt have left an imperceptible portion upon 
ſome of the tadpeles, that were afterwards 
moiſtened with blood and the juice of the 
heart. This explanation became more pro- 
bable, when I found, that of tadpoles taken 
out of the uterus with forceps, careleſsly 
wiped after they had been dipped in ſeed, a 
certain number was always impregnated; 
| Whereas this never happened, when the for- 
ceps had not touched this fluid, or when 
they had been diligently cleaned. This neg- 
ligence, and the detection of its origin, were 
excellent preſervatives againſt the commiſſion 
of like miſtakes in future. 
ſerve as warnings to thoſe who ſhall be de- 
ſirous of repeating my experiments on atti- 
ficial fecundation, or of . others of 
the ſame nature. 

c Lxx. Convinced of the ineffieney of theſe 
liquors, I laid aſide at that time all thoughts 
of trying others. My unſucceſsful experi- 


ments with the electrical fluid, renewed the 
ſame train of ideas; but it was rather leaſt [ 
ſhould have reaſon to reproach myſelf for 
having too ſoon quitted a purſuit entirely new, 


than with any hopes of — that I re» 
ſumed 
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BW ſumed theſe experiments. Guided by the 
great principle, that fecundation is the con- 
Wl quence of irritating the heart by the ſeminal 
| WM liquor, I was led to try acrid and ſtimulating 
; WH fuids, ſuch as vinegar, diluted ſpirit of wine 
» WH and urine ;- but theſe ſubſtances haſtened the 
corruption of the tadpoles, inſtead of fecun- 
dating them. The juice of the lemon and 
citron produced the ſame effects, though 
their acidity was weakened by the admixture 
of water. In the rind of theſe fruits there 
is a ſtimulating ſpirit, which upon ſqueezing, 
ſpirts out in little jets, and takes fire when 
thrown into the flame of a candle. But this 
fluid, as well as many others, which I 
ſhall forbear to enumerate, was oily . 
cacious. 
cLxx1. We learn, both Guns: ancient and 
modern hiſtory, that the ſeed of one ſpecies 
of of animal, frequently impregnates the em- 
bryos of another, when there is a near re- 
e ſemblance between them. A third ſpecies, 
ß oſually denominated mules, is the fruit of 
- Wis impregnation. Thus the male goldfinch 
he produces with the female Canary bird, an 
Intermediate ſpecies ; as alſo does the white 
for beacock with the common ſort ; and the 
* pheaſant with the hen. Among quadrupeds, 
ee the mules, which are the 2 of the 
Vorl II. R aſs 


' 
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aſs and the mare, or the horſe and the ſhe- £ 
aſs, are the moſt common. And the cele. MW (mal! 
brated Bourgelat has now eſtabliſhed, be- the 
yond a doubt, that the wolf propagates MW ſemii 
with the bitch. Nor is it always neceſſary, 
that the two ſpecies ſhould be very nearly 
allied. For wherein conſiſts the cloſe reſem- 
blance between the aſs and the cow or be- 
tween the bull, the ſhe-aſs, and the mare? 
Vet the recent and certain obſervations of 
the ſame French Naturaliſt, have proved, 
that the ſingular ſpecies of animal called the 
Jumart (a), is produced by the copulation 
of theſe widely differing quadrupeds, after 
its exiſtence had been queſtioned by modern 
writers, and expreſsly denied by Buffon (6). 
| Theſe inſtances led me to entertain hopes, 
that I ſhould obtain intermediate productions 
by impregnating the embryos of one ſpecies 
with the prolific liquor of another. In my 
Proſpectus I propoſed to enquire, what would 
be the event of attempting ſuch experiments 
on aquatic and amphibious animals, bearing 
little reſemblance to each other (e). If they 
ſhould happen to be ſucceſsful, it is obvious, 
how much ſuch irregular productions would 
contribute to illuſtrate the obſcure function 
of generation. ls I have 


(3a) Cuvres des Charles Bonnet, Tom, V. (3) Hiſt. Nat 
Tom. KEV + (c) . 58. 
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have proſecuted this inquiry, but with 

ſmall ſucceſs. Having repeatedly moiſtened 
the embryos of frogs and toads with the 
ſeminal fluid of the newt, and reciprocally, 
evolution has not taken place in any one in- 
ſtance. My hopes of impregnating neigh- 
bouring ſpecies with effect were much more 
fanguine., I need not obſerve, that the frog 
and toad are each amphibious, and that they 
nearly reſemble one another, as well in exter- 
nal appearance as in internal ſtructure, Beſides 
this correſpondence of organization, their 
manners, actions, and ways of propagation 
arcalike. Having, therefore, fixed upon the 
fetid terreſtrial toad, as its ſeaſon of ;genera- 
tion coincides with that of frogs, I bathed 
with the ſeed of this toad, the tadpoles of the 
green aquatic and the tree frog, and in return 
with their ſeed, I moiſtened the tadpoles of 

the fetid toad. I did the ſame with the frogs 
juſt mentioned, and the toad deſcribed in the 
cxxvith paragraph. The ſeed, as well as 
the juice of the - teſticles, was employed 
ſometimes pure, and ſometimes diluted with 
water. But notwithſtanding ſo many and 
ſuch ſtriking marks of reſemblance, one 
ſpecies could not be fecundated by another. 


If I did not wonder, that liquors effentially 


differing from ſeed were not prolific (CLXIX, 
R 2 exxx), 
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cLxx), I muſt own my ſurpriſe at finding 
that ſpermatic liquors, which muſt needs re. 
ſemble each other very clofely, were ineffica- 
cious. Theſe experiments, however, though 
ineffectual, are not uninſtructive; they teach 
us, that from analogy we cannot learn when 
we may procure intermediate productions. 
In general we obſerve, that they owe their 
origin to animals, in many reſpects, analo- 
gous to each other; but ſuch analogy is not 
a certain ſign of their being capable of pro- 
ducing together, as manifeſtly appears from 
experiment. In this branch of phyſics, as in 


numberleſs others, we muſt not generalize 
our ideas, but are under the neceſſity of con- 
ſulting the oracles of Nature, and receiving 


her anſwers with reſpe& and attention, as 


we proceed from one ſpecies to another. If 
we would obtain illegitimate productions, we 
muſt of neceſſity employ the ſeed of a diffe- 
It muſt, at the ſame time, be 
capable of penetrating the embryo, and ani- 
mating it by a bland and kindly impulſe. 
But we can learn from the effects alone, 
whether any given ſeed is endowed with theſe 
eſſential properties, and we muſt abide ſtrictly 


rent ſpecies. 


wy the reſult of experiments. 


And as if theſe amphibious animals knew 
the 3 * their n ſeminal fluids, 
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| en 
[ have never, in the whole courſe of my in- 
quiries, ſeen them coupled. At the ſeaſon 


of their amorous ardour, I have placed a 
male toad along with a female of his own 


ſpecies, and a female frog; when diſregard- 
ing the latter, he has flown to embrace the 
former. I have then ſeparated them, and 


taken away the female: hut the male ſhewed 


no defire of approaching the female frog, and 
ſeemed to be wholly bent on eſcaping. - And 


| though I kept them together for ſeveral days, 


copulation did not take place, not even when 
the female began to diſcharge her young, a 
time at which the males are more than com- 
monly ardent, in order to fecundate the fetuſes 
as they are brought forth. I witneſſed the 
ſame inattention in the male of the fetid toad, 
to the female of the green aquatic and tree- 
frog, and in the male of the green and tree- 
frog, for the female of the fetid toad. I know 


that male toads are commonly ſuppoſed to 


copulate with frogs, and that many, - for this 
reaſon, abſtain from eating the latter during 
their amours. I, however, have never met 


with ſuch conjunctions in the whole courſe. 


of obſervations ; nor did Roeſel ever. ſee an 


inſtance in Germany. I muſt, therefore, 

[reckon this opinion among thoſe number 

leſs Projugiect , which haye credulity and ill 
K 3 grounded 
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grounded ar one tra ation ' for woo only 
ſupport, 

' CLxX11, After Wr fniſhed the fore. 
going paragraph, with which I intended to 
conclude the Diſſertation, I read over the 
Whole from the beginning, in order that ! 
might correct ſuch paſſages as required cor. 
rection. The cLviiith paragraph induced 
me to attempt another experiment, I there 
invite naturaliſts to try to fecundate ſome of 
thoſe animals, in which it is certain, that 
impregnation takes place internally. It was 
now July, the ſeaſon deſtined for the amour 
of the ſilk- worm (2), in the Modaneſe, and 
indeed in moſt other parts of Italy. I there. 
2 fore determined to try, whether any portion I in 
of my ſucceſs, with different amphibious tha 
animals would attend experiments on this Wl Per 
inſect. I recollect, indeed, the failure of the wh 
great Malphigi; nor can it be doubted, that ''Z 
ſach an inſtance may juſtly create diffidence upe 
in the boldeſt experimenter; more eſpecially Bo 
as the celebrated Bibiena was not more for- | 
tunate, when he undertook to repeat and va * 
Malphigi's experiment. As I did not, how- m 
ever, perceive, that it was impoſſible to ſuc- 1 
wood I did not think the attempt would argue © 
any blameable perſumption i in me, The un- M 
n (a) Phalæna Mori. Linn. Syſt. Nat. T 

0 impregnated 
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impregnated eggs of the phalæna originating 
from the filk-worm, may be obtained in two 
ways. If the female be kept apart from the 
male, they may be collected after they are 
diſcharged, or they may be taken-from the 


| matrix. The ſeed is to be taken from the 


genital organs of the male; Having procured 
ſome eggs in both theſe ways, I moiſtened 
ſome of them with a large quantity of ſeed, 
and others very ſparingly, but to no purpoſe, 
The fecundated eggs of this inſet aſſume a 
violet colour; the others remain yellow. 
My eggs, before they. were moiſtened with 
ſeed, were of this colour, and retained it 
afterwards z they moreover became ſoft, and 
an incavation appeared upon the ſurface, ſigns 
that never fail to attend ſterility. Theſe ex- 
periments were made with that ſpecies, of 
which the eggs are hatched only once a year, 
viz, in the ſpring. And I believe, it was 
upon this ſpecies, that the great naturalift of 
Bologna made his unſucceſsful experiment, 

[ afterwards tried another ſpecies, which 
is much cultivated in the cities of Lombardy, 
on account of its producing three generations 
in a year: one towards the end of the ſpring, 
another in ſummer, and the third in autumn, 


| My labour was not unprofitably beſtowed 


upon the eggs of this ſpecies. Many which 
R FY I moiſtened 
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J moiſtened with ſeed, produced worms in 
proper ſeaſon; nor is there any cauſe to ap. 
prehend, leaſt I ſhould have committed ſome 
inadvertence in my experiments. As ſoon a 
the laſt change of form had taken place, 
put the females under the receiver of an air. 
pump; the males were on the outfide ; and 
either the fight or the ſmell of the female 
allured them to the veſſel, for they were con- 
ſtantly fluttering about it. By theſe means, 
I ſuppoſed that the male organs of generation 
would be filled with ſeed. As ſoon as the 
eggs were diſcharged, I bathed them with 
ſeminal fluid. Many of them, which were 
at firſt yellow, began in a few days to tum 
brown, and at length aſſumed a browniſh 
violet hue ; in about a week they produced 
little worms; thoſe which had not been 
moiſtened with ſeed remained yellow, grew 
flaccid, and ſpoiled. 1 procured r N 
at two trials. 

CLXXI11, This unexpected event gave me 
courage to attempt another experiment. It 
ſhewed that oviparous animals may be arti 
ficially fecundated. Of viviparous animals 
I had before obſerved with ſurprize, the arti- 
ficial impregnation in ſome ſpecies in which 
this function is external. It remained there- 
We as the reader will cally gueſs, to try 

| Whether 


* 
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whether ſuch experiments will ſucceed with 
thoſe viviparous animals in which fecunda- 
ion takes place in the body of the female; 


This idea had been for ſome time fermenting 
in my head, and I could not refrain from diſ- 
loſing it in an article written by me for the 
Proſpettus of the new Italian Encyclopedia, and 
Entitled, Artificial Fecundation. Having pro- 

Poſed ſome views reſpecting the artificial fe- 
undation as well of plants as animals, I 
employed towards the end the following ex- 
preſſions. Hitherto I have ſpoken only 
of animals uſually called oviparous ; artifi- 


eans and ſuch as would act within the 
dody, be extended to viviparous animals. 


he CLv111th paragraph of this Diſſertation 
I threw out the ſame idea, and exhorted Na- 
uraliſts to put it in practice; for after I had 


I Wuccceded fo eaſily in impregnating different 
ti SW nimals of another kind by art, I could not 
ls ronſider my project as very unpromſing. 
rtl- he event of my experiments on filk-worms, 
ich Wn which impregnation is internal, rendered 
e: ny expectations ſtill more ſanguine, and I 
* W ſet about to bring them to an 
Nel 


an animal of ſome ſize, ſuch as the cat, the 
log, or ſheep, ſeemed fitteſt for my purpoſe. 


ial fecundation may perhaps, by different 


he reader underſtands my meaning.” In 


iſſue. | 
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iſue. I choſe a bitch ſpaniel of moderay 


fize (a) which had before had whelps. Su. 


ſpecting, from certain appearances, that ſhe 
would ſoon be in heat, I confined her in a 
apartment, where ſhe continued a long time, 


as will be ſeen below. For greater ſecurity, 


that ſhe might never be let loſe, I fed he 
myſelf, and kept the key the whole time 
On the thirteenth day ſhe began to ſhey 
evident ſigns of being in heat; the extern 


parts of generation were tumid, and a thinf 


|  Fftream of blood flowed from them. On the 

twenty- third day ſhe ſeemed fit for the ad. 
miſſion of the male, and I attempted to 
_ fecundate her artificially in the following 
manner. A young dog of the fame bree 
furniſhed me, by a ſpontaneous emiſſion 
with nineteen grains of ſeed, which were 
immediately injected into the matrix, by 
means of a ſmall ſyringe introduced into the 
vagina. As the natural heat of the feed in 
animals of warm blood may be a condition 
neceflary to render fecundation efficacious, [ 
had taken care to give the ſyringe the degret 
of heat which man and dogs are found to 
poſſeſs, which is about 30˙ (5). Two days 
after the injection, the bitch went off het 


(a) Canis aquaticus, pilo longo criſpo, inſtar ovis, Linn, 


heat, 


Syſt. Nat. (6) 99 or 100 of F. 
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heat, and in twenty days her belly appeared 
ſwoln, which induced me to ſet her at liberty 


ity, brought forth three lively whelps, two male 
her and one female, reſembling in colour. and 


me. ſhape not the bitch only, but the dog alſo 


en WM from which the ſeed had been taken, Thus 
ml did I ſucceed in fecundating this quadruped; 
hu and 1 can truly fay, that I have never received 


the orcater pleaſure upon any occaſion, ſince I 
2d. have cultivated experimental philoſophy. 


to CLXXIV, I have before obſerved, that nine- 
ing teen grains of ſeed were injected; but it is 
cel proper to add, that the whole quantity did 


on, Ml not paſs into the uterus, Thirteen at moſt 

cre arrived there, ſince fix at leaſt adhere to the 
„dds of the ſyringe. But we are not to con- 
the clude, that, impregnation was effected by all 


in of them. It ſeems beyond diſpute, that 2 


ion WW much ſmaller quantity is ſufficient, As the 


„effect is produced in the ovarium, the ſeed 
rer muſt paſs through the tubes and who does 
to not perceive, that ſome muſt be retained by 
lays their ſides, as alſo by thoſe of the uterus? A 


het very ſmall portion muſt therefore, in this 38 | 


caſe, have produced fecundation. Com- 
bining this experiment with thoſe made upon 
eat, emphibious animals, in which we have ſeen 


how 


on the twenty- ſixth. Meanwhile the ſwell, _ 
ing of the belly increaſed ; and ſixty two. days | 
ne after the injection of the ſeed, the bitch - 


* 
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how ſmall-a quantity of ſeed ſuffices, it may 
with great probability be inferred, that the 
dofe of that vital liquid, by which nature is 
renewed, is always exceedingly minute, 26 


well in the large as ſmall animals. This in. 


ference is till further confirmed by obſerva. 
tions relative to birds ; from which we learn, 
that a cock fecundates at once all the eggs 
laid by the hen in twenty days. Hence, a 
one is ſufficient for twelve or even twenty 


| hens, he may every day be the father of thirty | 


chickens (a). 

I-conclude with a brief reflection. Con- 
ſidering my laſt diſcovery, I have no difficulty 
in beheving, that we ſhall be able to give 
birth to ſome large animals, without the 


concurrence of the two ſexes, provided we 


have recourſe to the fimple mechanical de- 
vice employed by me; and, at the ſame 
time, take advantage of ſuch favourable cir- 
cumſtances as may promote the experiment, 


and uſe thoſe judicious precautions which 


are indiſpenſible. Meanwhile, reflecting upon 
the phznomena which I have related, I am 
inclined to exclaim with Pliny, Mibi intuentt 
fepe perſuaſit rerum Natura nibil FReTeds bik 
exyftrmare de ed. 

(2) Buffon, hiſtoire des oiſeaux. 
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ATI LE before I delivered to the j 
Printer the two Diſſertations on the | 
Generation and artificial Fecundation of dif- 
ferent animals, I tranſmitted a French tranſla- 
tion of the analytical index to my illuſtrious . 
friend Mr. Bonnet; for my numerous en- 
gagements did not allow me to ſend him an 
abridgement of the Diſſertations, notwith- 
ſtanding I, as well as he, very much wiſhed 
it. The great, brevity of my communication 
produced effects, equally advantageous to the 
public and myſelf, but ſuch as I did not at 
ll expect. From its very nature, the index 
could 
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could only ſerve to convey a ſummary of the 
contents, and was merely calculated to induce 
the reader to conſult the work itſelf. When 
I conſidered that the Diſſertations would ſoon 
appear, I fuppoſed that my friend would be 
ſatisfied with the imperfect account I ſent to 
him. But I was miſtaken. The peruſal of 
the index excited a deſire of fuller informa- 
tion concerning ſeveral particulars: and he 
wrote a long and obliging letter, which drey 


from me an anſwer, in which J endeavoured} 


to reply to the ſeveral pertinent queſtions 
propoſed by Mr. Bonnet. My anſwer wa 
followed by a ſecond letter, not leſs polite 
and intereſting than the former, Such wa 
the occaſion of theſe two letters. I conſider 


it as a ſingular advantage, that I am authorized 


to publiſh them ; not merely on account of 
their cloſe connection with the Diſſertations, 
but alſo on account- of their good ſenſe, the 
philoſophical views, and profound reflections 
which they contain; and becauſe they are 
recommended by that elegance (if I may be 
allowed to judge concerning what is written 
in a foreign language) which ever characteriſe 
the productions of this writer. 

In the firſt, thoſe paſſages of the analytical 
index, which require explanation, are fre- 
1889 tranſcribed, It would have been ſu- 

| perfluous 
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perlluous to publiſh my reply, containing 


book : there the readet will find them, by 
having recourſe to the numbers of the letter, 
Wwhich correſpond to thoſe of the Diſſerta- 
tion. With this help, he will alſo enter bet- 
er into the reaſons and refleftions of Mr. 
. Bonnet upon thoſe paſſages of the index, of 
he which he did not aſk for any explanation. 

en The fecond letter, which relates to my 


red Nexplanations, is in general very perſpicuous. 


ons In choſe places, both of this and the firſt, 

WM which ſeemed to require ſome previous in- 
lite formation, I have placed a few notes at the 
v bottom of the page. 


—_— : BETTER 


theſe explanations „as I took it from my 
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. PP Nr agth, 1780, 
My dear Sod. ol: 
1 WAs going to write to you at ! time 
I received your intereſting letter of te 
2th, for which I return you many thanks, 
. My health, it is true, has been very much 
difordered this year. In the ſummer, I had 
two tedious catarrhal fevers, one immediately 
ſucceeding the other; they harraſſed me ex- 
ceedingly, and very much affected my weak 
eyes. The violent and repeated efforts of 
coughing, drove the blood into them in too 
great abundance. I could do nothing all 
July and Auguſt and part of September. 
When I was firſt attacked, I was very buſy 
about. my numerous annotations on the Con- 
templation. I had gone as far as the tenth 
part. I could not reſume this employment. 
| immediately upon my recovery; it required 
too much application for my weak ſtate. I 
therefore ſet about the reviſal of the different 
memoirs I had publiſhed in Rozier's Journal. 
Hence I was led to compoſe new ones on 
bees, ſnails, and newts. They will compoſe 
the Fifth Volume of the edition in _— 
1 All 
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and that the preſs may not remain unem- 
ployed, I have allowed my editors to print 
them as they are ſent. The firſt volume of 
the Contemplation was printed, when they 
began the fifth volume. The Comtemplation 
will take up the fourth volume. It will be 
enlarged about one-third. Hence it became 
neceſſary to divide the volume into two parts. 
t will occupy three volumes in octavo. You | 
will eafily believe, that your name frequently 
occurs, and I am always .bighly gratified, 
when I have occaſion to mention your fine 
diſcoveries. But I have great reaſon to regret, 
that I did not fooner receive the ſynopſis of 
the new experiments you have obligingly com 
municated to me. As I treat in the ſeventh 
and eighth parts of the reproduction of ani- 
mated beings, I cannot, as thoſe parts are 
already printed, introduce many curious 
particulars noticed in your index. But I 
foreſee, it will not be difficult to introduce 
many of your obſervations into the chapters 
not yet printed. I will, therefore, go over 
the principal articles, OY the order of : 
of numbers. 

. I perceive that you 3 found, by many 
„ that the fetus exiſts before fe- 
cundation in the green aquatic frog, the tree- 
og, the great terreſtrial ad. with red eyes 

| 1 and 


— 
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and dorſal tubercles, the fetid terreſtrial toad, 


and in two ſpecies of the water-newts (a). 

This ſhort liſt will doubtleſs be enlarged, as 
ſoon as your curious experiments are extended 
to other ſpecies; as you will always have the 
diſtinguiſhed merit, of having opened ſo rich 
and beautiful a career. All the direct means 
of proving the pre-exiſtence of the embryo 
in birds and quadrupeds, have by no means 
been employed. I, you know, have never 


doubted of this pre- exiſtence: all my reflec. | 


tions upon generation, even in my youth, 
led me to confider it as the moſt univerſal law 
of Nature. To contrive, therefore, expe- 


dients for expoſing the germ, which is un- 


doubtedly contained in the veſicles of the 
ovatium of large viviparous animals before 
the acceſs of the male, is the firſt requiſite, 
Its tranſparency probably contributes as much 
as its minuteneſs, to render the germ inviſi- 
ble before fecundation. Whatever would 
tend to leſſen its tranſparency, and to coagu- 
late the embryo, would bring it within the 
power of glaſſes; ſuch experiments, ſo likely 
to illuſtrate the important and obſcure ſub- 
ject of generation, have been little practiſed; 
and I foreſee, that if you will but conſent to 
(a) No 1. of this and the ſecond letter, are the only Numben 
which have none to correſpond with them in the Diſſertations 
s e deſcend 
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deſcend into this of mine, you will bring 
away unexpected wealth; for Nature treats 
| you as a favourite child, becauſe you under 
ſtand how to interrogate her properly. But 
though we ſhould not be able to obtain a 
diſtinct view of the germ in large quadru- 
ns Wl peds and birds before fecundation, we may 
yo very juſtly preſume, from what we moſt cer- 
ns WF tainly know concerning this intereſting ſub- 
er ject, that the germ exiſts before 1 impregna- 
:c- tion, or that its formation is not owing to the 
th, W concourſe of the male and female, but bears 
aw Wl date 2 primordio. Hallar's demonſtration of 
pe- ¶ the pre-exiſtence of the chicken is not ſtrictly 
un- direct: it does not produce the germ itſelf 
the before fecundation, but eſtabliſnes only the 
fore continuity of its membranes with the yolk, 

which inconteſtibly exiſts before fecundation. 
This inquiry has, I think, been abandoned 
too ſoon; it has too haſtily been determined 
to be beyond the reach of human abilities. 
l am perſuaded, that if it had been conducted 
with the ſame perſeverance, pains, and ſa- 
gacity, as you have ſhewn in your profound 
reſearches concerning the animalcules of in- 
fuſions and amphibious animals, far more 


nt to direct proofs of the pre- exiſtence of the germ 
benin the females of oviparous and large vivi- 
ons, Parous animals, would have been obtained. 


8 2 | There 
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There is ſome contrivance, not yet conceived 
by phyſiologiſts, which, the moment the) Wi co: 
all diſcover it, and put it in practice, will I ph 
afford the demonſtration we ſo much deſire. MW pr: 
Men ſhould never be in haſte to., conclude no 
that any inquiry is impracticable, merely be- the 
cauſe there appears no relation between the ¶ boi 
preſent means, and the fact to be aſcertained; MW mo 
for have all the combinations of theſe means cor 
been tried ? If not, who can be certain, that I ui. 
he i 18 acquainted with all the relations be- ing 
tween theſe means and the fact, which is 1 
5 preſumed to exiſt, and Propoſed to be aſcer- oil 
tained ? This reflection is ſtrengthened a f 
numberleſs inſtances, recorded in every page of 
of the , hiſtory ' of natural philoſophy, and the 
more eſpecially of phyſiology. Conſider hoy abo 
many: inventions, for which the ancients nur 
would ſcarce have dared to hope, even if they Ml ? 
had had a diſtant glimpſe of them, have en- 
riched theſe ſciences! Could they have ima- 
gined, that the artificial fecundation of the 
_ germs of various animals would one day be 
accompliſhed, and that chickens would be 
hatched without the aid of animal heat or of 
a. ſtove? Need I mention thoſe admirable 
chirurgical operations, the miracles of the 
healing art, which are ſcarce credible even td 
thoſe 0 behold them? We are as yet in- 
competent 
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competent judges: of what is impoſſible i in 
philoſophy; for we always decide from our 
preſent acquiſitions of knowledge, which bear 
no proportion to Nature. Nature is immenſe; 
the poſſible combinations of beings have no 
bounds, and the human underſtanding i is al- 
moſt always too haſty i in its decifions. The 
conviction of our ignorance or moderate at- 
tainments, ought to preſerve us from deſpair- 
- Wing of any thing in phyſics; we ſhould ſay 
;o ourſelves, what I cannot diſcover, another 
er- vill lay open to every eye. But enough upon 
% ſubject capable of affording a ſmall volume 
age of practical reflections; it is time to come to 


1nd the intereſting. ſketch of the work you are 
ow Nabout to publiſn. I ſhall be guided * the 
nt; numbers of your paragraphs. _ 


xIII. I find here, that you have imagined 
a curious contrivance to Prevent the fecunda- 
tion of the green aquatic frog. Vou do not 
particularize the experiment, and it excites 


Abe curioſity. I muſt therefore take advan- 
d be tage of your friendly offer, to anſwer the prin- 
or d ipal queſtions ſuggeſted to me by the peruſal 
able pf your ſketch. You may be ſure, that I 
c the ball make uſe of your anſwers. You ſhall be 
en to") oracle, and I am certain. that its replies 
t in- ill be more intelligible and inſtructive than 


thofe of the Delphian. How have you con- 
+. Fan. trived 
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trived to prevent fecundation in this frog? 


Probably the experiment has ſuggeſted new 
information concerning the myſtery. of fe- 


cundation; for nothing here ſtands uncon- 


nected. 

xxvI. I cannot here underſtand the ſenſ 
of your expreſſions, the fecundation of 
the eggs, though effected out of the body, 


penetrates however a little way into it.” Is 


the action of the ſeed propagated by the ge- 


latinous matter enveloping the eggs? But! 
ought not to try to find your meaning by con- 
jecture. 

LIx. I am glad that you have diſtinctly 
ſeen the circulation of the blood in tadpoles, 
before they yet ſhewed any ſigns of motion, 
Many other inteſtine movements doubtleſs 
take place in germs, before they are ſufficient- 
ly developed to move their little limbs. If 
. germs are all originally encloſed one within 
another, many inteſtine motions muſt have 
happened in them ſince the creation. But this 


admirable ſpectacle is reſerved for thoſe ſupe | 


_ rior intelligences, whoſe piercing view pene- 
trates into the moſt hidden ſprings of the ma- 
chine of this world. Much has been faid of 
the involution (emboitement) of germs ; the 
term is improper: germs are not little boxes 
cm one within another; ; they muſt have 

been 


1 


t- 


hin 


av 


ne- 
na- 
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been integrant parts of the firſt organized 


bodies that came from the hand of the Crea- 


| tor. I have inſiſted on this point in one of 
my new notes on the Contemplation. It is of 
conſequence to fix the meaning of terms you : 


ciſely. 
LXXV, LXXVI. You are then convinced, 
that the eggs of ſcaly fiſhes loſe by deſicca- 


tion the power of being productive. You | 


have ſeen the ſame thing happen to the ſup- 
poſed eggs of tadpoles; and you conclude, 
that the aſſigned explanation of the repeo- 
pling of dried ponds is falſe. I was therefore 


miſtaken, when in Art. cccxviii. of the 


Conſiderations on organized bodies, I thought 
of applying to the eggs of fiſhes what my 
illuſtrious friend Trembley had obſerved with 
teſpect to thoſe of the 7ufted polype, which 
may be kept ſeveral months in the dry with- 
out lofing the power of. producing. I how- 
ever threw out an invitation to Naturaliſts on 
the ſubject of fiſhes eggs: I faid, that it 


would be a curious experiment to keep diffe- 


rent fiſhes eggs for ſome time in the dry, and 
then diſtribute them in proper places. This 
imple trial would aſcertain, whether in ſuch 
a ſtate they can ſerve to perpetuate the ſpecies. 


Nature is not ſubjected to undeviating exact 


neſs: In her operations there is a latitude 
VV 3 


1 
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which the Naturaliſt ought to ſtudy, and 


which experiment alone can dere&.” You 
have accepted my invitation, and your expe- 
runents have not been favourable to my con- 
jecture. As you have not pointed out your 
manner of proceeding, I am unable to judge 
Whether it excludes the moſt common natural 
Circumſtances in ponds and pools. Many tri= 
vial particulars may produce a variation in the 
reſults. You eafily gueſs what I have in | 
view; but I am not leſs inclined to acquieſce 
in the falſchood of my conjecture. 


LXXX. Strange way in which the male 
newt impregnates the female without copulation, 
I have never ſeen the fecundation of the newt; 
but my curioſity is much raiſed: I beg you 
will inform me in what this ſtrangeneſs con- 
fiſts! My brain has long been diſpoſed, by 
frequently taking cognizance of prodigies, 
for the admiſſion of the ſtrangeſt things; for 
ſuch ſurely is the reproduction of the limbs 
in the newt, which has engaged my attention 
for ſome years, and ſtill engages it. I ſhould 
probably have ſeen the act of fecundation, if 
I had kept individuals of different ſexes in the 
ſame veſſel: but my only aim was to obſerve 


with my own eyes theſe beautiful organic re- 
produStions. 


LXXXIV, 


LMS TR ' 


I of the newt. I am totally unacquainted with 
it, and ſhould be obliged by a brief _ 
bom. tf 

xcvi. What foreſight 4 ampbi "MK api 
ew in the multiplication of the ſpecies? No- 
thing in the ſtudy of animals intereſts my cu- 
riofity ſo much as their foregbt. We fre- 
n Wquently commit miſtakes on this ſubje&, 
de Wand are apt to form very unphiloſophical 
ideas; but of this I have ſaid enough in the 


le Contemplation, and elſewhere. We impute 


n. to animals, with wonderful facility, our own 
t; Foreſight and our reaſoning faculty. Could 
ou they judge concerning us, they would reduce 


n- Jus to their ſtandard; for they would attribute 
by to us their ſenſations and actions. Authors 
es, have run into the moſt oppoſite extremes in 
for Nconſidering this topic; I have ſought the me- 
bs dium, and hope that I have found it, You 
on have a good right to decide. 
IId XCVII, XCVIII, XCIX. I find here ſome- 
if ching relative to the induſtry of animals, and 
the Wl dwell upon it with pleaſure, having devot- 
rve Id one whole chapter of the Contemplation to 
re- he amours of the toad which you confider 


here. You enquire, Why the male frog and 
| toad 


LAXXIV, Lxxxv. You treat in theſe ar- 
ticles of the natural fecundation of the eggs 
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toad embrace the female ſo cloſely and ſo long 
T had preſumed, that ſuch a long continuance 
had ſome ſecret final cauſe ; but I was unac. 
quainted with any obſervation which coul 
guide me to that cauſe. I expect from your 
friendſhip the inſtruction which I want. [ 
ſhould ſuſpect, that the embraces tend to fi- 
cilitate the deſcent of the eggs or the tadpoles 


into the ducts, and thence into the uterus, 


and moreover, perhaps to aid the expulion 
of the embryos. I meet in every part of 
your ſketch with enigmas, and hazard m 
_ conjecture without hoping . it is the true 
ex 0 
. Has the intereſting at of Mr. 
Dm, concerning the : amours of the toad, 
of which I made uſe, given occaſion to any 
critical reflection ? Was the obſerver deceived! 
He certainly ſtood. in a good ſituation for ob- 
ferving. 
cv, Cvi. Here you do not ſeem incline 
to abide by the current accounts of the fecun- 
dation of ſcaly fiſhes, You ſpeak of uncer. 
tainties, what are they? Do you doubt whe- 
ther the male emits his milt upon the eggs! 
Or whether he repeatedly rubs the belly 
the female? Or of both theſe accounts? Ny 
own faith was very unſettled upon theſt 
points. 1 could no where find deciſive obſei- 
N vations 
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1g? aations. It is aſtoniſhing ſometimes to ſee 
no Naturaliſts remain ſo long and ſo contentediy 
ac. in doubt, about the moſt intereſting queſtions, 
pull and make no attempt to ſolve them by the 
our eaſieſt obſervations and experiments. The 
I mind, naturally fo active, is yet often very 
f- indolent. To contrive an inſignificant expe- 
olsMWriment, or a ſmall apparatus, requires as great 
rus {Wn effort as to -undertake a journey. Such 
fon obſervers only as you are always in, breath; 
t of ſuch only have their minds always in action 
and forming combinations. You have made 
more diſcoveries in five or ſix years, than 
whole Academies in half a century. I, how- 
ever, who know the labourer, and the rich- 
neſs of the harveſt, am not at all ſurprized. 
When, in 1765, you obligingly aſked my 
opinion on the department of Natural Hiſ- 
tory to which you ſhould apply, I eaſily fore- 
law how much that ſcience would one day be 
indebted to you. Your firſt production on 
the animalcules of infufions, fulfilled my pre- 


cun- 

nr diction, and your intereſting letters upon the 

he- wonderful reproductions of the earth-worm, 
85 the ſnail, and the newt, were new confirma- 

I tions of it. I have contemplated, from the 
M lence of my retreat, your gigantic progreſs 

teil in that fine Career, ; 


cviII. 
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evIII. Fr rom this article I learn, that a 
e eke of the newt differs from that of 
other animals; but I am not informed in 


8 what the difference conſiſts. The modifica- 
tions of the great laws of Nature chiefly ex- 


cite the attention of the philoſophical -Natu- 
raliſt. They ſtrike him with the greater 
force, as they ſhew the endleſs variety of the 
CxEATOR's reſources, and of thoſe: ſubor- 
dinate means, by which his WIS DOM prepares 
the firſt developement of animated beings, 


It was not conſiſtent with the œconomy of 


the world, that all generations ſhould exiſt 
together in a ſtate of complete evolution. 


The earth could neither have contained them, 


nor ſupplied them with food. They were, 
therefore, placed one within another, in a 


ſeries continually decreaſing, and loſt at laſt 


in the abyſs of infinite littleneſs. The ge- 


nerations are therefore developed, one by 


means of another, and their growth is pro- 
portional to the order of degradations. Thus 
they are gradually advancing out of impene- 


trable darkneſs, and at length arrive at the 


term, which ſeparates the viſible from the 


inviſible, and from which, by the aid of fe- 


cundation, they inſenſibly ariſe to the degree 


of perfection competent to the ſpecies. But 


as animated beings are greatly diverſified, ſo 
| likewiſe 
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likewiſe are the laws which preſide over 
their developement. Hence reſult many va- 
rieties in the forms which they ſucceſſively 
aſſume, and in the mode and effects of fe- 
cundation. The delineation of theſe Phaſes 
and varieties, conſtitutes the moſt engaging | 
part of the hiſtory of generation. 

cxx11l, CXXIv. From your numerous ex 
periments on artificial fecundation it appears, 
r- chat attempts of this kind upon germs, while 
es Wl yet in the ovarium, or at the upper end of the 
s. Wl ducts, will fail. I can, I think, aflign the 
of reaſon. The ſeed acts on thele fetuſes as a 
it I imple ſtimulant. Now there is an original 
n. relation between the latent power, which 
m, cauſes the irritability or the contraction of the 
re, Wl muſcular fibre, and the preſent ſtate of that 
fibre. If it has not yet attained the neceflary 
degree of conſiſtence, it will not be in pro- 
portion to the mode of action of that power, 
and its impreſſion will therefore produce no 
effect. The germ muſt have arrived at a de- 
terminate growth before it can be ſuſceptible 
of irritation. . Such was the reaſoning of the 
great Haller, 

CXXVIII, CXXIX. I St Kean: a particular 
which embarraſſes me. Artificial fecunda- 
tion, you ſay, does not ſucceed in the newt with 
ure ſeed, and it is neceſſary to Allute it with 

water. 
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But pure ſeed is the efficient cauſe of 
(EN fecundation : how then comes it 0 
fail in the artificial? does the air inſpiſſate i 
too much, or is it mixed with ſome thinne 
fluid at the inſtant of its emiſſion from the 
male. I know not W to think. Vou vill 
inſtru me. 

CxXx1Vv. The ſeed does not loſe its 1 rf vir. 
tue, though incorporated with other liquors, | 
have great pleaſure, my dear philoſopher, in 
ſeeing you ſound Nature, by means of com- 
binations which the never made. Preceding 
phyſiologiſts did not conceive the idea of ſuch 
combinations. But what liquors did you 
mix with the ſemen ? It does not, it ſeems, i 
mix intimately with them; there is no che- 
mical ſolution, ſince the ſperm retains its 
prolific virtue---it is at leaft very certain, 
that it is not decompoſed by theſe different 
liquors, for decompoſition would deſtroy its 
ſtimulating power. How do you reaſon on 
theſe facts ? 

CXL111. Three grains of ſeed incorporate 
with eighteen ounces of water, retain perfettl 
their fecundating virtue in the green aquatit 
andin the tree-frog. Three grains diluted with 
two hundred and fixty-four ounces water, d 
not altogether loſe their efficacy. This would 
never have been ſuſpected; what wonderful 

. eo 
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energy muſt this ſingular ſtimulant poſſeſs ! 
ſince it is not ſenfibly weakened, when three 


water, and is even perceptible, when they are 


theſe three grainsof ſeed apparently are diffuſed 
through this body of water, as three grains 
of muſk are diffuſed through the air of a 


[ ; 

1 he ſmell, and irritate the nervous fibres; 
m. bhis irritation illuſtrates the effect produced 
ling by ſeed diluted in a large quantity of water, 


uch 
you embryo. ; 
m cxTIVY, xx v. Other remarkable experi- 


nts upon a little ſeed, mixed with a great 
# 2% of water. Experiments ſo new and 
inſtructive, could not be too much varied ; 
and it is with great ſatisfaction T obſerve, that 
you have taken advantage of Nature's com- 
laiſance. I beg you will give me further in- 
ruction on this head. 


-ated 

780 trating into their diminutive bodies. Small 
tic P1125 for its admiſſion. Such circumſtances 
ith have always been more intereſting to me, 
„ban any thing in the hiſtory of fecundation. 


have, always, you know, preſumed that 
tecundation was effected from without; and 
you 


grains are mixed with - eighteen ounces of 


diluted in two hundred and fixty-four ounces! 


arge appartment ; they nevertheleſs act upon 


pon the muſcular fibres of the heart of the 


CLI1I, The ſeed fecundates tadpoies by pene- 5 
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you may recollect, that I once deſired you 


tient for the particulars, I have obſerved in 


animals, takes places in other claſſes in the 
obſcurity of the ovarium. The egg is al- 


by thoſe who reject all organic preformation 


7 
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to ſearch for the little pores, which I ima- 
gined Nature had wrought in the covers of 
the germ, for the introduction of the ſeed; 
You have now diſcovered them, and I congra. 
tulate you moſt fincerely. The diſcovery if 
of high importance, and I am quite impa- 


a new note, Chap. x. part. 7. of the C. 
templation, What happens openly during 
the fecundation of the eggs of amphibiou 


ways fecundated externally, both in ovipa- 
rous and viviparous animals. The ſuppoſi- 
tion followed very naturally, after the em- 
bryo was allowed to exiſt entire in the egg: 
the obvious inference was, that the ſe 
acted only as a nutritious and ſtimulating 
principle. But this ſimple and philoſophical 
Notion of fecundation could not be conceived 


and imagine, that the embryo is mechanical) 
formed by certain powers of affinity (for 
de rapport) or by the ſucceſſive juxta-poſition 
of certain molecules iſſuing from the male and 
female, which had been moulded within 


them. 
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ou er viII. Mbetber the ſmall portion of feed, 
mployed by Nature for the impregnation of am- 
pbibious animals, affords reaſon to ſuppoſe that 
arge animals alſo are impregnated by ſo inconſi- 


r erable 4 guantity. I am very deſirous of 
Ido ing your thoughts on a ſubject, which 
Pes never been properly diſcuſſed, becauſe, 


efore it could be properly diſcuſſed, it was 
eceſſary to make thoſe fine experiments, 
hich you have ſo well executed on amphi- 
Yious animals, and which yet were not ſup- 
ſed to be poſſible. If the ovaria of an 
e, bitch or cow, could be laid bare with- 
t endangering life, your queſtion might be 
cided by experiments like thoſe on amphi- 
ous animals, which ſuggeſted to you ſo 
any new truths. You might touch with the 
d of a pencil, dipped in the ſeed of the 
un one or more of the veficule of the ova- 

m; and if the wound could be healed 
jthout deſtroying the effect of fecundation, 
u would find the quantity of ſeed neceſſary 
this purpoſe in large animals. This ſin- 


ation; 


cally 


forceWlar experiment would perhaps ſucceed bet- 
{1110088 on the greater oviparous ſpecies. If it is 
le an ſucceed at all, it muſt be in your hands. 
withinWu have accuſtomed me to expect much 


m your dexterity and perſeverance. Should 


only be fortunate enough to perceive an 
Vor. II. T_- / ' incipient 
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incipient evolution of the germ, it would be 
ſufficient for our inſtruction. There are ob. 
ſervations which directly prove, that the fe. 
tus may be developed in the ovarium. Ve 
might alſo try to inje& different quantitie 
into the matrix. Should the ſmalleſt portion 
prove as efficacious as the greateſt, it woull 
become very probable, that the fecundation 
of large animals differs but little in this re- 
ſpect from the amphibious claſs. 

CLIX. The ſeed of amphibious animal. ſeem 
to be a fimple ſtimulant, and not a nutritin 
Puid. I think I perceive the foundation 
your conclufion. You cannot reconcile the 
ſmall quantity of ſeed ſufficient for fecund 
tion, with the idea of a fluid, deſtined to ſup- 
ply all the parts of the embryo with their fr 
nutriment. You calculate ( CLv), that 
bulk of this portion of ſeed, is to that of the 

embryo, as 1 to 1064777777. There cat 
therefore, be no ſort of proportion betweel 
the nutritious fluid, and the embryo to | 
nouriſhed. I ſhall not conteſt the :uſtneſ 
your inference, as far as it 1 amphibs 
ous animals; but I do not think you can 
tend it to large animals. The mules on 
duced by them furniſh facts, which render! 
impoſſible to doubt, that the ſeed modits 
various 125 of the embryo: J have git 
| ſexe 
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| bef-veral inſtances; the ſeed is therefore carried - 
obo theſe parts, and how can it be imagined 
fe. change their forms and proportions without 
vel enetrating into them (a)? Conſider, in par- 
itieeicular, the larynx of the great mule. I am 
tion rief; but you, who underſtand my principles 
ou well as I do myſelf, will eaſily e 


y meaning. 
XVII. The ſeed is not a ſpirituous nor very 
llatile liquor, as ſome philoſophers have imagin- 
; I am glad you have aſcertained this; but 
fter having ſhewn what the ſeed is not, have 
ou diſcovered what it is? We well know, 
at it is one of the moſt highly wrought 
uids in the animal body. Have you made 
y chemical experiments upon it? I have 
(a) When the experiments related in this work, ſhall be 
empted upon large animals, as there is every reaſon to hope 


t they ſoon will, with ſucceſs, I do not think there is any 
eat temerity in predicting, that this favourite hypotheſis of 


ö r. Bonnet will be proved to be falſe. It was long ſince re- 
twee ea by Haller, the moſt candid and acute examiner of phy- 
to Wl osical hypotheſes; and Spallanzani has furniſhed a very 
1 4 werſul additional argument, derived indeed from analogy, 


It more cogent than any proof in favour of it. There are 
mberleſs examples, of parts of the ſyſtem being deeply af- 
ted by ſubſtances not in contact with them. Nervous ſym- 
thy is called in to explain ſuch phenomena, and to what 
e is it poſſible to impute them? Phyſiologiſts will, in like 
anner, I ſuppoſe, deduce the changes produced by the ſeed 


- ſpecies _ the embryo of another, from the ſame 
e. 4 8 'F) 


2 always 


> 
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always. entertained a ſuſpicion, that it ve 
much reſembles the nervous fluid. I have 
proved, that irritability muſt depend on 2 
very. active fluid, diſſeminated among the 
| muſcular fibres. Contemp. Part X. Ch. 33 
The ſeed of amphibious animals, which may 
have a certain affinity (rapport) with the 
fluid diſperſed in the fibres of this impelling 
organ. . Here we find __ that cannot t yet 
be fathomed. ö 
erxvIII. The electric fluid 3 the | 
evolution of fecundated tadpoles, but does nit 
ani mate thoſe which are impregnated. I thank 
you for having tried, as I propoſed, whether 
the electric fluid might be ſubſtituted inſtead 
of the ſeminal liquor, in the artificial fecun- 
dation of tadpoles. It. did not anſwer, and 
you may imagine, that I do not wonder at 
the failure. It was proper to make the trial, 
Rue fart on is a queſtion that frequently re- 
curs in natural philoſophy and natural hiſ- 
tory. You have at leaſt found, that the 
elearical fluid forwards -the evolution of fe- 
cundated tadpoles, a new obſervation, to be 
added to thoſe ORR in the nine of elec- 
tricity. 
cr. Fe gels Tiguors art 

incapable of  effetting artificial impregnation. 


That talent of combination which you pot- 
ON ſels, 


, 
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Yes, and which charactizes the true natural- 
iſt, gave me reaſon to expect theſe various 
experiments. Nature, by her negative re- 
ſponſes, has afforded you no leſs information, 
| : than when the has anſwered in the affirma- 
be ctee. 


clxxl. The ſeed of the newt is incapable of 


A ecundating the embryos of frogs and toads, and 
' Wreciprocally. This is alſo true of the ſeed of 
„ vade and frogs reſpecting one another. Thus 


though Nature produces mules between large 
n; animals, and even between inſects and plants, 
her che refuſes them to the amphibious tribe. 
You very properly queſtioned her on a ſubject 
ſo important; from her anſwers we learn, 
that ſhe has not here allowed herſelf any la- 
titude. This is very remarkable; for at firſt 
ſight, the toad appears to differ much leſs 
from the frog, than the horſe from the aſs, 
If the contrary had happened, and you had 


{- 1 
i obtained mules by the artificial impregnation 
ge. If amphibious animals, you would not have 
be (4d fuch good reaſon for concluding, that 


the ſeed of theſe animals acts but as a ſtimu- 
ant. It would remain to inquire, why Na- 
ure has here ſet herſelf ſuch narrow limits: 

If it ſhould be. ſaid, that in ſpecies apparently 


tion. 
poſ- onearly allied, one degree more of approxi- 
ſeſs, ation would have deſtroyed the ſpecific cha- 


3 racter, 


15 by Nature. You know how averſe 1 hut 
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racter, this would be to aſſign the final, bull ba 
not the efficient cauſ. ill 


| CLXXII. The (8 of the winged inſet pr. th 
duced from the filk-wworm, artificially fecundaui hi 
by the author. An Italian, the famous Mal. th 


3 phigi, firſt. imagined this experiment: anom 
ther Italian, the ſecond Malphigi, firſt ſu. © 
| Ceeded in it. Above eighteen years ago, 


exhorted naturaliſts to repeat this intereſting 
experiment; and in this long interval, the bu 
philoſopher of Reggio alone has undertabef m. 
it. What ſatisfaction muſt he receive ali . 
this account! But he will not confine himſii © 
to the eggs of this ſpecies; he will proced ſw 
to thoſe of other phalænæ. He will try t 
en the eggs of one ſpecies with th ob 
ſeed of another: he will defire to knonl m. 
whether butterflies and moths reſemble an wh 
phibious animals in this reſpec ; and be will! 
not, I am ſure, neglet making the ſang n 
trials upon other different inſects. Re fre 
ſoning will not illuſtrate this ſubject: 6 
petriment alone can ſupply the information lil *: 
defire. 4 
From all your experiments, you deduce WM in 


concluſion highly pleaſing to me; all ul 
dreams of modern epigeneſiſts are diſownt 


been all my life to this ſyſtem ; I have c 
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. on. 
bull bated it in all my writings, and when my late 


illuſtrious friend HALLER was inclining to 


this hypotheſis, I had the courage to reſiſt 
him, notwithſtanding the impreſſion his au- 
thority made on me. . The chicken came to 
my afliſtance, and the great n de- 
clared againſt epigeneſis. 

I have gone through the peingstpel articles 
of your table: many things are left behind, 
but the reviſal of my works does not per- 
mit me to attend to you as much as I could 
with. I paſs to your kind letter of the thir- 


ſwered. 
I knew not that the celebrated Merian had 


made uſe of the paſſage from that heroine, 
which you obligingly tranſcribed for me (a). 

I have inſerted it in an addition to my Me- 
moir, I have made the ſame uſe of that 


about his -Memoir on the Pipa, inſerted in Rozier's Journal 
for 1779, and of which I ſpeak incidentally in Sect. crv, I 


rſt ſpoke of this ſingular animal; and I moreover communi- 
cated to hitn the erroneous opinions of Valkſneri, who affirm- 
ed, that the kind of uterus containing the young toads, is upon 
the back of the male, and not of the female, - To this para» 
graph of my letter Mr, Bonnet alludes, 


teenth of March, which I have not yet an- 


obſerved the Pipa before Ruyſch, I have 


— 


from Valliſneri, which was alſo quite un- 
(a) In a letter, written March 13, 1780, to Mr. Bonnet, 


informed him that Merian, and not Ruyſch, as he ſuppoſed, | 
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known to me. üs cenſure of dit negli- this 
gence, in not aſcertaining the ſex of his two 
pipas, is juſt. I have diſſected, or rather 
flead the pipa left in our bottle; but the fa- 
tigue my eyes underwent, together with the 
quantity of ſpirits which had penetrated into 
the inſide, hindered me from obſerving diſ- 
tinctly every thing that lay before me. 1 
made my inciſion on the belly, and after turn- 
ing aſide the ſkin, perceived the muſcles and 
internal teguments. Having removed them, 
I diſcovered the inteſtines. I was firſt ſtruck 
by a number of bright yellow grains that 
were diſperſed over the viſcera. In order to 
learn whether their ſhape was regular, I ob- 
ſerved them with a glaſs, but it appeared to 
vary a good deal; ſome being round, others 
_ oblong, and others again like quadrilateral 
plates. The ſtomach was oval, muſcular, tic 
and thick; it was filled with many ſmall v. 

brown fragments, very brittle, ſome a line 
or two in length, and pretty much reſem- ye 
bling fragments of the leaves of plants. - b! 
But to come to our chief object, I could not ¶ le 
perceive any veſtige of an ovarium; I ſought Wl ( 
for the teſticles, and found, near the bladder, fe 
an oblong fleſhy body, which might perhaps I 
hea teſticle, but I could not find that on the Ne 
other fide. I could not, indeed, perform Bl 1 
this 


"7 
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this diſſection according to my wiſhes; I ſaw 
juſt enough to form an idea of the great ap- 
paratus of viſcera, which this fingular toad 
offers to the attention of the obſerver; every 
one of which might employ him whole 
months, if he had the inclination or the abi- 
lity to ſtudy 1t as Lyonet ſtudied his eruca. 
To refute Valliſneri's opinion, it is not abſo- 
n- il lutely neceſſary to have recourſe to diſſection. 
nd Mr. Fermin's obſervation, of which I have 
m, given the ſubſtance, Set. cccxxvii, Corps 
ck organ n. 1. leaves no room to doubt that the 
hat i female's back is furniſhed with the cells, 
ſince he diſſected her, ſaw the ovarium, and 
was an eye-witneſs of the union of the ſexes. 
lam glad my Memoir afforded you ſatisfaction. 
l with the queſtions at the concluſion may 


eral induce ſome Naturaliſt to examine more par- 
Jar, Wi ticularly an animal ſo remarkable, and as yet 
nall Wi without parallel. 

line thank you for the Italian extract from 
m- your reſearches on the movement of the 
blood, which I could not read in your excel- 
not I lent work. Mr. Saladin tranſlated it, and I 
ght i ſhall borrow from it ſome curious particulars 
der, Wi for a note on Part x. of the Contemplation. 
aps Wi | atk nothing further on this ſubject, for my 
the editors preſs me to finiſh as ſoon as poſſible. 
" The ſubſcribers grow impatient, and threaten 
this 


m 
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to withdraw their contallbaticns. I have 
been obliged to write a ſhort letter in ex. 
cuſe of my involuntary delay, and to fatis. 
fy them about the delivery of the ſubſequent 

parts. 8 
Your ' concluſions, relative to the blood, 
have entertained me highly. You firſt have 
_ diſcovered an important truth; the impulſe 
given by the heart is perceptible to the com. 
mencement of the veins, That the motion 
of the blood does not, as phyſiologiſts ſup- 
poſed, become flower at the extremities of 
the arteries, is another new obſervation of 
equal importance. They were miſtaken 
about the power or powers of circulation, 
They aſſigned to the heart auxiliary forces; 
and you have ſhewn, that the heart is the ſole 
impelling. power. 'You have alſo proved, by 
an ingenious contrivance, that the changes of 
the colour of the blood, from yellow to red- 
diſh, and then to red, are mere illuſive ap- 
pearances. Haller warmly conteſted this 
point, but your mode of proceeding, I think, 
carries conviction. The vaſcular membrane, 
ſeparated from the yolk of the egg, and ob- 
ſerved upon a plate of glaſs, exhibits red 
veſſels on the firſt days of incubation. You 
almoſt every where —_— error, and _ 
bb 
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bliſh truth. I moſt ſincerely bid you fare- 
well. You ſay nothing of the fecundation 
of plants: I have not been able to repeat your 
experiments this year. e 


END OF LETTER I. 
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' Genthod, January 13. ve. 
1 PERCEIVE by your intereſting reply, 


my dear and celebrated friend, that our 
opinions on ſeveral points coincide; this co- 
incidence affords me the greater pleaſure, be- 
cauſe it ſhews, that I have reaſoned juſtly on 
ſeveral of your experiments. But ſuch a co- 
incidence is no new thing between you and 
me, for how often have we converged in like 
manner on ſeveral topics of Natural Hiſtory? 

It may be ſaid, that my ſoul ſometimes paſſes 
into your brain, and your's into mine. I owe 


you many acknowledgements for having in- 


terrupted the compoſition of your work on 
the generation of plants, in order to write 
that long and excellent letter, which you call 
upon me to anſwer. I am ſurpriſed that you 
have been able to do it in two days. I am 
not ſo happy as you in this reſpect, being able 
to allot a few hours only in a day to compo- 
fition, ſo that when I write letters of eighteen 
or twenty pages, you may be ſure that they 
have taken up at leaſt twelve days. I muſt 


therefore now, in my turn, ſuſpend my own. 


labours, for the fake of anſwering the prin- 
cipal 
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cipal paſſages of your letter of the 12th of | 
December. I ſhall follow the order of your 
numbers, or rather of my own in my laſt letter, 
which you yourſelf followed, and 0 which 
you replied. 

1. I doubted not but the experiments which 
I propoſed to you, in order to detect the 
germ in the ovarium before fecundation, 
would likewiſe ſuggeſt themſelves to your 
conſideration. (a). You ſeem not to expect 
| 12 225 | much 


(a) In order to elucidate this paragraph, I ſhall tranſcribe 
the paſſage of my letter to which it refers. Mr.. Bonnet, in 
his firſt letter, obſerved, that ſearching for the embryo in the 
ovaria of quadrupeds and birds, before the acceſs of the male, 
would certainly illuſtrate Natural Hiſtory: He was of opinion, 
that I might make ſome advances in this dark enquiry. I re- 
ply, © That the idea of turning my attention towards the 
ovaria of quadrupeds and birds, had often ariſen in my mind; 
but that T had never enjoyed ſufficient leiſure to put it in prac- 
tice, The urgency with which you recommend thoſe reſearches, 
is a powerful incentive to me to attempt them, and perhaps I 
may do this ere long; but I confeſs-that my expectations are 
not very ſanguine. I fear, leſt the extreme minuteneſs and 
tranſparency of the germ ſhould prevent me from diſcerning it, 
It is, however, better to undertake unpromiſing experiments 
on a ſubject ſo intereſting, than to leave them unattempted. 

1 Having lately had occafion to read ſome of Reaumur's 
memoirs on inſe&s, I met with an obſervation of an Italian 
Naturaliſt, very analogous to mine, upon the pre-exiſtence of 
the fetuſes of the frog and toad. It is in Vol. III. P. 1. 
Mem. 7. Reaumur, ſpeaking of the caterpillar of the little 
beetle ¶ carabæus) of the lily, after the fine diſſertation of 
Patarol, ſays, „ Mr. Patarol thinks, that the grubs cannot 
be ſaid to come from the eggs, but that every egg appears to 


be 
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much from them: You preſume that he ex- 


treme minuteneſs, as well as the tranſ parency 


of the germ, would conceal it from all your 
reſearches. Vou do not however deſpair; 
and you give me room to ſuppoſe, that my 
exhortations contribute to encourage you: 
but the great ſucceſs which has crowned your 
reſearches on other occaſions, might ſerve to 
perſuade you much more powerfully, that 
you will not on the preſent labour in vain. A 
lueky accident, ſome unexpected and unfore- 
ſeen circumſtance, may afford you the greateſt 
aſſiſtance. You will create ſuch fortunate 
occurrences as do not happen in the ordinary 
courſe of Nature, and as will ſurprize you 
with a full view of that-which Nature con- 
cealed from Malphigi and Haller. It ſeems 
to me, that the farſt ſtep neceſſary is to find 
the means of diminiſhing the tranſparency of 
the germ without altering its ſtructure; for 
in my opinion this, rather than its extreme 
minuteneſs, keeps it concealed from the moſt 


be changed into a caterpillar, The reaſon that induced. him 
to propoſe ſo ſingular a notion, was, becauſe he could not find, 
with whatever care he examined, any empty ſhell.” Obſerve, 
I beg of you, the concluſion of the French Pliny ; he appears 
defirous of repeating the obſervation, though other occupations 

ented him, it would ſeem, from executing his intention, 


1 am reſolved to repeat it next „ and I think Reaumut 
did not ſet a ſufficient value upon it.” 


piercing 


pierci 
vineg; 
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the m 
germ, 
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piercing looks of the obſerver. A drop of 
vinegar, or ſpirit of nitre, poured on the 
cicatricula of the egg, by a little condenſing. 
the moiſture which dilutes the ſolids of the 
germ, may perhaps render them perceptible. 
You might alſo try other liquors. Two other 
means ſuggeſt themſelves to my mind: The 
firſt conſiſts in endeavouring to ſpread a liquor 
coloured by ſome vegetable tincture over the 
yolk: how do we know but the veſſels of the 
yolk would abſorb this tincture, and carry it 
to the germ? Should it only colour the con- 
tiguous parts, it would at leaſt ſhew its place 
or point. The action of the veſſels ſhould be 
aided by a gentle heat. The ingenious pro- 
ceſs employed by Mr. Beguelin, to ſhew the 
Prince Royal of Pruſſia, the ſucceſſive pro- 
greſs of the chicken in the egg, would not 
be unſerviceable to you in your attempts. 

Again, who knows but a certain degree of 
heat would contribute to render the germ ap- 
parent, by coagulating its lymph? To ſub- 
ſtitute the ſemen of the cock, or any other 
bird, would be another means of attaining 
the ſame end. As the ſemen is, beyond 
controverſy, the liquor which has the great- 
eſt influence upon the germ, it ſeems to be 
beſt adapted to produce ſome ſudden change, 


ſuch 
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ſuch as might render it acceſſible, to ſue mi- 
croſcope. 

It would be, at the ſame time, an attempt 
to produce the artificial impregnation' of the 
germ in the egg. Mr. Beguelin's apparatus 
would be very convenient for this purpoſe. 
Should a drop of ſeed render the embryo im- 


ime. 
upon a 
he mi 
proxim 
ay ſo! 
perm. 


mediately perceptible, it could not be obje&- hes 

ed that the ſeed had conveyed it into the cica- 3 

tricula, as it has been ſuppoſed that the Farina _ 

fecundans does the plant into the grain; for b 

Haller's obſervation, as well as your diſco- Said 

7 very of the exiſtence of the tadpole before th 
1 fecundation, would deſtroy the objection. wee 
| | Laſtly, it would be proper to try to obſerve, "nh 
| the cicatricula of unimpregnated eggs in the 6 
ſolar microſcope, which enlarges object; Fer 

which are in ſome meaſure tranſparent more == 

than any other. Need I add, that you will te 

not be ſeek ing for ſomething which does not 1 

exiſt, ſince you have the ſtrongeſt reaſons to 3 

ſuppoſe, that the germ does really exiſt in the ng 

| cC.icatri cula. bu ts 
E. Curious experiments have ſhewn, that the _ 
perſpiration of the egg, notwithſtanding its mig 

| eruſtaceous cover, is conſiderable. Various G A 
internal changes proceed from this. You r 5 : 
will therefore obſerve the cicatricula in unim- hne 5 

pregnated egg kept for a ger or ſhorter #21 


| 
$ | | time. | Voz 
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ime. Perhaps drying the cicatricula a little 
upon a plate of glaſs, before it is obſerved by 
he microſcope, may be of uſe. The ap- 
proximation of the elements of the ſolids, 
ay ſomewhat leſſen the Ser Be of Ub I 
perm. 5 
It will be proper, my dear Mg, 60 
obſerve the real or ſuppoſed eggs of the beetle 
f the lily. The paſſage you have quoted 
rom my illuſtrious maſter ſhews clearly, that 
e ſaw the neceſſity of repeating Patarol's 
Corral It is to be regretted that he 
lid not do it, or at leaſt inform us whether he 
ad or not; but we may reaſonably doubt, 
hether this illuſtrious Naturaliſt imputed 
o this obſervation the ſame degree of im- 
dortance as you and I. He had not meditat- 
d ſo much upon generation, and particularly 
pon the intereſting queſtion of the pre-ex- 
ence of the germ. You may eaſily ſup- 
doſe, that I ſhall not be much ſurpriſed if 
ou ſhould one day inform me, that the ſup- | 
oſed eggs of this beautiful little inſect are 
ot really eggs, but the caterpillar diſguiſed 
nder the appearance of an egg. If fo, 
ele imaginary eggs would agree with thoſe 
F frogs, and we ſhould have a new proof of 
he pre-exiſtence in queſtion. You are ac- 
Juainted with the eggs, of the queen bee; I 
Vor. II. U have 


— r n . 
have ſome ſuſpicion, that they are not real 
eggs, but the maggot itſelf, in a ſhape little 


different from that which it aſſumes after fe- 


cundation. But the vivaparous flies, of 
which Reaumur has written the curious hiſ- 
| tory in vol. iv. will furely afford new proofs 
of the pre-exiſtence of the embryo in the fe- 
male. The ſpiral matrix, deſcribed by the 
author, is a beautiful organ ; the- different 


convolutions he informs us,” confiſt of more | 


than 20,000 maggots, arranged 1 
by the ſide of each other. | 
xIII. I am obliged to Meſſrs. de 88 
and Nollet, for thoſe little breeches of waxed 
| taffety, which they contrived for the male of 
a certain ſpecies of the frog, in order to diſ- 
cover the manner in which he impregnates 
the female, and I am not leſs obliged to you 
for the repetition of this ingenious experi- 
ment. The male, which you cloathed with 
_ theſe breeches, did not accompliſh the im- 
pregnation of the female, becauſe the ſemen 
was intercepted. Since this liquor impreg- 
nated artificially the tadpoles to which you 


applied it, there can be no doubt but that | u 


was real ſemen. 

XXVI. You are then of o pinion, - chat the 
ſuſpicion I intimated in this article is not 
without foundation. I learn from nn para- 
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much 
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then! 
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graph of your letter a new truth, 4 that in 
the TREE-FROG, the tad-poles are ſome- | 
times found fecundated, though they remain 
as yet in the rectum; whether this happens 
in conſequence of the ſemen inſinuating it- _ mY 
ſelf into the orifice of that inteſtine, or be- We 
cauſe the tadpoles, ſcarce out of the reftum, i 
and already moiſtened by the ſemen, are peer 
haps drawn into it by the motions of the fe- -- 
male at the inſtant ſhe is ſurprized by the ob- 
ſerver.” Both theſe explanations * 
much more probable than mine. 5 1 
LXXV, LxXVI. I am always a great gainer, 1 3 
when, according to your wiſhes, I point ut 1 
to you new experiments to make. You have 1 
then made upon the fecundated eggs of fiſhes 
that which 1 propoſed, (Art. 418. Corps 2 
organ.): in order to aſcertain, whether theſe 1 
eggs might be kept in the dry, like thoſe of 1 
the tufted polypus; and you have found, that * -* a8 
they do not poſleſs this privilege. Your va«- 
nous ways of proceeding, permit me not to Wl 
doubt of the truth of the reſult. You have  *'7 
carried this experiment Kill farther to the fe- | 
; Wy cundated embryos of frogs and toads, and 1 
you have found, that they do not, any more 1 
chan the eggs of fiſhes, poſſeſs the property - 1 
of keeping in the dry. My hypotheſis then, 1 
with 9 to the repeopling of dried ponds, ' £18 
£2 © © Wh is 


292 n 
1s inſupportable: but may not this privilege, 


is the! 
which has been refuſed to the eggs of fiſhes copull 
have been granted to fiſhes themſelves in the LEN 
ſtate of infancy, or at ſome other period of male, 
their life. I am very deſirous of KNOWing "op 
the conjecture you ſubſtitute inſtead of mine POM 
and which you intend to explain in you c.-:01 
work. Reading this paſſage over again, I emal 
perceive a circumſtance that had eſcaped ine; that t 


you ſay, that you left your fiſhes eggs ty chaſte 
dry in the ſhade, ſometimes on the mud, when v oule 
you found them, and fometimes in veſſels," hiſtor 
But may not the fecundated eggs of fiſhes re- 


{tron 

quire, like the Rotifer, to be covered witl 4 
ſand, in order to be preſerved in the dry? | thing 
can ſcarce ſu ppoſe, that you neglected cover- pregn 
ing them with the mud on which they wer plant 
laid by the female, well knowing, that u not ei 
your experiments you neglect nothing (a). in lik 
LXXX. Your account of the ſingular man-. water 
ner in which the male newt impregnates the Ye 


female has afforded me great pleaſure; the 


induc 
whole was entirely new to me. The nent 


[ had 
| ſee, 
tions 
impr 
will 

be ve 


Du ] 


(a) Mr. Bonnet's opinion of me is too favourable ; for i 
truth I was not aware of this precaution. But were it emploj 
ed, I do not think it very probable, that the eggs of fiſhes 
and the fetuſes of frogs and toads could be preſerved. Ti | 
thing is however poſlible, and the experiment ought to be tt 


peated with this circumſtance, which I wag to do when! 
have an FEE. 


- 


, 
| 


** V 1 + 
is then very chaſte in his amours; no true = 


copulation takes place between the two indi- 
viduals; only a few careſſes on the part of the 
male, which prepare the female for fecunda- 
tion. The male darts his , ſemen into the 1 
water; it forms a little whitiſh cloud, which We 
furrounds the open and ſwoln anus of the 
female, and ſhe is fecundated. What pity, . 
chat the poets were unacquainted with the 
WE chaſte amours of this animal---their fictions - 
would have derived great advantage from the wh 
hiſtory. : That of Zephyr and Flora bears a . "BY 
ſtrong analogy to the fecundation of the BE 
palm; in the animal kingdom, I know no- _*= 
thing which reſembles it more than the im- 1 
pregnation of the newt. That of marine 7 
plants approaches ſtill nearer, the male does 
not emit a fine powder, but a liquor, which, 
in like manner, forms a Night cloud in the 
water. 
Your citation of Bomare's Dictionary, has 1 
induced me to read the article Newt, which _— 
I had never before conſulted; Mr. Demours, 
| ſee, ſeems to have made the ſame obſerva- 
tions as you, reſpecting the ſingular mode of 
impregnation in this animal. But naturaliſts 
will rely more upon you, and it required to =—_ 
be verified by an obſerver of your eminence. — 
Du Fay $ remark allo concerning the preſence 1 
VS ; of 


4 ſubject. 


1 „ 
of the gills, when newts! are young, and 
their diſappearing totally afterwards, dren 
my attention. I had obſerved the ſame thing 
with ſurprize, but never mentioned it, for 
was defirous of obſerving it again, but nevet 
did. - Theſe gills are a great ornament to the 
young newt, Du Fay was aware of the or. 
ganization of the epidermis, mentioned i 
my firſt Memoir; and if I had been acquaint- 
ed with the paſſage of this academician, [ 
would have taken notice of it. 
Since the ſemen of the male is alway 
mixed with water, I ſee the reaſon why ar- 
tificial fecundation does not ſucceed: with 
pure ſemen, The obſerver muſt imitate m. 
ture and dilute it -with water, T ſuppoſe 
with you, that the very” thick feed of the 

| newt requires dilution, in order to effed 
both natural and artificial fecundation. In 
like manner, the wiſdom of Nature ha 
Found the means of diluting the human ſemen 
by the lymph, which ſo many veſſels pour 
into the teſticles and the ſeminal yeſicles, 
Phyſiologiſts tell us wonderful things on this 


| 1 ew ſpectacles are fo engaging to the phil 
4 ſophic obſerver, as that preſented by the 
amours of animals, and the various means by 
Which the Author of Nature has a” 

al 
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hat they ſhould - preſerve. . ſpecies. 
hould ſome able phyſiologiſt ever undertake 
o compoſe a complete hiſtory of generation, 
he would undoubtedly begin by a delineation 
of the amours of animals and plants; and if 
he ſhould be as great painter as the illuſtrious | 
zuffon, he will be able to engage the under- 
ſtanding, without giving any alarm to mo- 
deſty; he will produce, nota phy/ical Venus (a). 
but a phyſical Minerva. There is room 
for ſuppoſing, that the different modes of 
fecundation, obſervable in different animals, 
are proportional to the degree of ſenſation 
accorded to each ſpecies, or what amounts 
o the ſame thing, to their capacity for en- 
joyment. What difference in this reſpect 
between the fiſh or newt, and the ape, the 
ſtag, or dog; and in the imperial race of 
man, how is the A 
oral! | 
It is certainly very ts that am- 
phibious animals, ſuch as toads and the tree 
frog, never depoſit their embryos on dry 
ground, where they muſt infallibly perith, 
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Iand that they always take care to depoſit 

them in water, their natural element. You 

even give n to underſtand, that they do not 

„ 

(a) Venus Phyſique the title of a book written by M. 8825 
pertuls, T. 


lay them in the firſt water they find, that 
they never make the diſcharge in running 
waters, which would carry the young away, 
and not ſupply them with proper food; bu 
chat they conſtantly depoſite them in Ragnan 
waters, where the little tadpoles are not ex. 
poſed to concuſſion, and where they are al. 
ways ſurrounded by proper food. Thi 


Kind of inſtinct very nearly imitates foreſight, Wl x. 
and attains its end equally well. But fince WW your 
we cannot, in this caſe, admit rea foreſight, WI tert: 


which belongs excluſively to reaſon or intel-W the 
ligence, it remains to be aſcertained, how mal: 
our amphibious animals are ſo unerringly de- that 
termined to quit the ground, for the fake d ſup} 
laying their eggs in dormant waters. The paſl 


female, I ſhould imagine, preſſed by the de: the: 
fire of laying, muſt feel a certain 'internal hav 
ſenſation, which renders her abode on di twe 
ground painful, and inſpires her with the her 
deſire of gaining the water; and fince ſtag- you 
nant waters are not ſo cold as running waters, Wl of 
this 'may, perhaps, be the reaſon why ſhe em 
prefers the former, not for the ſake of her alr 
young, of which ſhe cannot have any know-W tr: 
| ledge, or foreſee the wants: for it is thu by 
that Nature hath, on all occaſions, provided bu 
for the neceſſities of young animals; ſhe he th 
found means to connect their wants with ne 


tholt 
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thoſe which the parents themſelves feel in 
certain circumſtances. Your memory muſk 
ſuggeſt ſo many inſtances, as to render it un- 
neceflary for me to point them out. Beſides 
I ſee you entirely agree with me, with re- 
ſpect to the foreſight and intelligence, ſo gra- 
tuitouſly, and ſo ne attributed | 


to brutes. ', 4 


* 


XCVII, xcvIII, N 1 3 not, that 


your illuſtrious compatriot Valliſneri had en- 


tertained the ſame idea as myſelf, concernin 

the effect of the long continued embraces of 
male frogs. and toads. Nor did I recolle& 
that Swammerdam, on the contrary, had 

ſuppoſed, that ſo far from facilitating the 
paſſage of the eggs into the tubes, they ra- 
ther ſerve to hinder it. I ſhould not then 
have known, which fide to have taken be- 
tween theſe two great authorities, if Nature 
herſelf had not pronounced her deciſion from 


your lips. You inform me, that the opinion ; 
of Swammerdam, that the females are not 


embraced by the males, until the eggs have 
already traverſed the tubes, is not generally 
true; that it holds only in the tree-frog, and 
by no means in the aquatic frog and in toads, 
but that Valliſneri is right with reſpe& to 
the green aquatic frog. In this caſe then, 
no general rule can be eſtabliſhed, as you 


very 
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very properly remark; and we muſt wait till 


new reſearches _ menen, the N of 


facts. bY 


AY 


it. Mr. Densufs had raiſed our curioſity 
to a very high pitch, by his account of the 
, addreſs "of the male toad in affiſting the fe- 


male in bringing forth. His details were ſo 


circumſtantial, that the truth of the fact ap- 
peared to be unqueſtionabke, and J heſitated 
not to make uſe of it in Contemplation, 
But it is really very fingular, that neither 
you, my worthy friend, nor Mr. Roeſel, 


ſhould have ſurpriſed any male toad in this in- 


tereſting e This would appear 
to weaken the credit due to the recital of the 
French obſerver, if teſtimonies fimply nega- 
tive could impair the moſt poſitive affirma- 
Mr. Demours ought, as you obſerve, 
to have ſo deſcribed his toad, that we might 
have known to what ſpecies it belonged. 
cv, cv1i. Your doubts, with reſpect | to the 


manner in which the impregnation of ſcaly 


filh is effected, are well founded, and we 


Have both reaſoned properly upon this ſubject, 


by eſtimating the authorities on either fide. 
We know at leaſt, from the experiment of 
Mr. Jacobi, that fimple diſperſion 1 in water is 
ſufficient for the impregnation of the eggs: 
Your idea of employing the Chineſe gold 


ale. 
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fiſhes to clear up the queſtion, to me appears 
excellent, and I cannot preſs you too waraly 
to realize it. 

You will fee much more in one day, thah 
all preceding naturaliſts have ever obſerved. 
How many intereſting queſtions yet undeter- 
mined, might be decided by the moſt ſimple 
experiments ? The mind has always a greater 
tendency to imagine and reaſon, than to obs 
ſerve and make experiments. To what a 
train of reaſoning had Digeſtion given riſe, 
before Reaumur and Spallanzani ſet this func- 
tion in the cleareſt light * their fine expert: 
ments. 

cxx111, Cxx1v, You adopt thin with me 
the Hallerian doctrine of embryos lodged in 
the ovarium, or in the upper part of the 
tubes of our amphibia, which cannot be fe- 
cundated artificially. But you aflign another 
cauſe of the fact, which I did not ſuſpect, 
but which appears to me, not leſs than to 
you, to contribute to produce it; ſince the 
glairy matter is the firſt nutriment of the fe- 
cundated embryo, and fince this matter does 
not envelop thoſe contained in the ovarium, or 
the upper part of the tubes, it is evident, 
that even if the ſemen could impregnate 
them artificially, they would ſoon periſh for 
want of nouriſhment. Your experiments on 

this 
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this ſubject leave nothing to be wiſhed, fince 
the embryos you have entirely ſtripped of 
their gluten could never be impregnated, 
while thoſe which were only partially deprived 
of it, were almoſt all fecundated. I know 
not whether naturaliſts before you, were 


a acquainted with the true uſe of this matter. 


cxxxiv. The blood of amphibious ani- 
mals, their ſaliva, the juice extracted from 
their liver, lungs, kidneys, their urine and 
ours, are then the different liquors with 
which you have conceived the idea of mixing 
the ſemen. To theſe you have added vinegar, 
and none of the mixtures have deprived the 
ſemen. of its prolific virtue. You have only 
obſerved, that when the urine and the vine- 
gar were in too great abundance, fecundation 
did not take place; 1 doubted not but that 
you would think with me, that the ſemen is 
not decompoſed by theſe mixtures. But they 
admirably prove the aſtoniſhing energy of 
this fecundating liquor. They may further 


ſerve to guide you to diſcover, which of the 
animal liquors has the greateſt analogy with 
the ſemen: for that, which in equal quanti- 
ty ſhould leaſt impair the virtue of the ſemen, 
might juſtly be preſumed to be moſt analogous 
to it ; and this would not be without its uſe, 

in 
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in inquiries into the conſtituent parts of the 
ſemen. © 
CXLII. It. nde me gear n to find, 
that we have both had recourſe to the ſame 
compariſon, in order to illuſtrate the prolific 
power of ſemen incorporated in very ſmall 
quantity, with a very large maſs of water.. 
Your example, taken from the poiſon of a 
viper, of which a very little drop often proves 
fatal to a great animal, is not either leſs ap- 
propriated or leſs inſtructive. Hence you 
have good reaſon for ſaying, that we cannot 
be ſurpriſed, that a very ſmall portion of ſemen 
ſhould be ſufficient to animate the heart of the 
embryo. 

The very ſudden won of certain poiſons, 
ſuch as the venom of the viper, afford 
room for preſuming, that it is chiefly the 
nervous fluid that is affected. You remem- 
ber Reaumur's curious experiments with 
American poiſoned arrows. A bear pricked 
with one of them died, I think, in half a 
minute. | 

CXLIV, CXLV. In this article, you furniſh 
me with a detail of the manner in which you 
have proceeded in your artificial fecundations. 
l entirely approve of it. It is ſurely very 
lurpriſing, that an embryo touched with the 
point of a needle, which has been dipped in a 


mixture 
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mixture of three drops of ſemen, and eigh. 
teen ounces of water, and which takes up a 
drop, meaſuring 1-50th of a line, ſhould have 
been developed as perfectly and ſpeedily as 
other embryos which were immerſed in ſe. 
men. Your reflection on this occaſion is very 
juſt; fince fo ſmall a drop of ſemen, . mixcd 
with fo large a quantity of water, is ſufficient 
to animate the embryo, it is very natural to 
infer, that the ſurplus furniſhed by the male 
does not concur in the operation. But Na- 
ture is never ſparing in what concerns the 
| propagation of the ſpecies: ſhe is determined 
not to miſs her aim, and ſhe would run the 
riſk of miſſing it by too great œconomy. 
She, perhaps, alſo has an eye to the pleaſure 
the male receives from fruition ; for emiſſion 
is without a doubt a pleaſing ſenſation to him, 
and this kind mother is defirous that all her 
children ſhould find enjoyment ; otherwiſe too 
the male would want an incentive. 
... CLI. You eaſily conceive, my dear phi- 
loſpher, all the attention I have paid to this 
intereſting paſſage of your letter. I ima- 
gincd, that I beheld with you the fmall pores 
in the cover of the embryo, contrived for the 
introduction of the ſemen. - Your details on 
this point fully prove, that you have not ſuf- 
tered yourſelf to be impoſed * and 1 
11 * 0 


n 7 22x ix you. 
theſe little mouths, of which I had ſuſpect- 
ed the exiſtence, are certainly to be found: 
and ſince they are diſperſed over the whole 
cover, and this cover is perforated like a ſieve, 
it can no longer be matter of ſurpriſe, that 
fecundation ſucceeds equally well, wherever 
the embryo is touched with the needle, after 
it has been dipped in the ſemen. The queſ- 
tion now is, whether fuch apertures exiſt in 
the covers of the embryos of every ſpecies z 
and how probable is this, after all that has 
been diſcovered concerning the myſtery of 
| fecundation; I do not then doubt, and . 
have indeed never doubted, that if the germ 
of the pullet, of the lamb, of the calf, were 
as perceptible as the tadpole, you would de- 
tect abſorbent pores, ſimilar or analogous to 
thoſe in the embryo of your amphibia. I 
would aſk, if we have not the ſtrongeſt 
proofs that fecundation is effected from uith- 
out, and if it be thus effected, is it not ne- 
ceſſary, that there ſhould be little pores pre- 
pared for the reception of the fecundating li- 
quor? Theſe abſorhent pores and their de- 
pendencies contain, without doubt, anato- 


ne mical peculiarities, which we ſhould admire, 
ON if we were permitted to deſcend to the bottom 
= of the abyſs. Each For is Proba the 
a 


orifice 


fe 


204 GET T 2x x 1. 


orifice of a veſſel communicating with the 
heart, &c. 

CLV11t. I now come to the moſt curious 
and important article of your excellent letter. 
I ſuſpected not, I own, that you had already 
ſucceeded in the artificial impregnation of 
the female of a large animal, by means of a 
ſmall ſyringe, a project I mentioned in my laſt 
letter. This is one of the moſt important 
and intereſting diſcoveries, that have preſent- 
ed themſelves to the notice of naturaliſts and 
philoſophers ſince the creation of the world. 
Your mode of proceeding, and your ſcrupu- 
lous attention to eſtabliſh, in the moſt rigor- 
ous manner, the truth of this artificial im- 
pregnation, put it beyond all controverſy. I 
had no occaſion for your ſecond. letter of Dec. 
15, to be aſſured, that you had neglected 
nothing to obviate the moſt ſubtle objection. 
Your bitch was then cloſely penned up for 
. twenty-three days before the operation: on 
the 13th ſhe began to be in heat; on the 23d 
you injected the ſemen, and you kept her in 
cloſe confinement twenty-five days longer; 
on the ſixty- ſecond after the injection, ſhe 
brought forth three whelps well conditioned, 
very lively, and reſembling both the dam and 
the dog which had ſupplied the fecundating 
liquor. Nothing can be more exact or better 

| aſcertained; 
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aſcertained; nothing can be finer or more 
original than this experiment. I congratu- 
late you ſincerely on your ſucceſs, and what 
adds greatly to it is, that it was obtained with - 
lefs than thirteen grains of ſemen. This ex- 
periment agrees perfectly well with thoſe 
which you have executed on amphibious ani- 
mals, and we have good reaſon for inferring, 
that the doſe of ſemen which produces fe- 
cundation in large animals, is very inconſi- 
derable. I even preſume, if you could ef- 
fect the fecundation of the embryos of a 
large animal in the ovarium, by the proceſs 
pointed out to you, you would obtain the 
ſame reſults as the amphibia afforded; and 
that a drop of ſemen I- goth of a 3 
diameter, would be ſufficient to animate the 
embryo. | 

You are now in -ofſeſſion of a ſure and 
eaſy way of aſcertaining what ſpecies can 
procreate together ; and the experiments you 
propoſe attempting next ſpring, by putting 
your voluptuous ſpaniel in the company of 


cats and rabbits, promiſe not ſo fair as thoſe 


which you will make, by introducing the ſe- 
men of this ſpaniel into the uterus of a doe- 
rabbit and a ſhe=-cat, and on the other hand, 
by introducing the ſemen of the male rabbit 
and cat into the uterus of a bitch. You hold 

Vol. I; 9 rats in 
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uin your hand a precious clue, which will the f 
guide you to the moſt important and unex- to ſe 
pected diſcoveries. I know not, whether I pow: 
what you have now diſcovered, may not one and 
day be applied in the human ſpecies to pur. of tl 
| poſe we little think of, and of which the che : 
conſequences will not be trivial. You con- Wcmb: 
ceive my meaning: however that may be, | 
conſider the myſtery of fecundation as nearly 
cleared up. What remains principally to 
be diſcovered, is the formation of the 'mule, 
and what occaſions the different marks of 
| reſemblance between children and their pa- 
rents; and this brings me to your CLixth 
article. | | 
 CLix. You do me great honour, my dear 
aſſociate, by ſuſpending your judgment be- 
tween Haller and me, with reſpect to the 
manner in which the mule is formed. What! 
did not the authority of the great Haller, in 
your eſtimation, overbalance mine, which i 
ſo much leſs weighty ? I would not have heſi- 
tated a ſingle moment to admit with him, 
that the ſemen acts merely as a ſimple ſtimu- 
lant, could I have accounted for the conver- 
ſion as it were of the horſe into the mule 
His hypotheſis, from its greater ſimplicity, 
is more acceptable to the mind. But is 
— 1 in all caſes ? In order to account 2 
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the formation of the great mule, is it enough 
to ſay, that the ſemen of the aſs is a more 
powerful ſtimulant than that of the horſe; 
and that hence it ſo much elongates the ears 
of the embryo contained in the ovarium of 
che mare; for how then comes a part of the 
embryo's tail to be obliterated ? Why is its 
crupper ſo flender ? and above al, how 
comes the larynx to be ſo different from that 
of the horſe, and' ſo nearly to reſemble that 
of the aſs? I cannot, I own, conceive that 
the inſtantaneous action of a drop of ſemen 
on the heart of the embryo can produce ef- 
ſes ſo great and ſo permanent; on the other 
hand, I have againſt me the complication of 
my own hypotheſis, of which the expoſition ' 
required a long ſeries of propoſitions, which 
make it appear ſtill more complex, and not 
to be comprehended, but by readers of great 
attention and much accuſtomed to analytic 
deductions. Hence many have committed 
ſtrange miſtakes, with reſpect to n principles 
and their application. | 
There is alſo another 8 which 
ſeems to militate againſt my hypotheſis; this 
is the very trifling portion of ſemen which is 
ſufficient for generation; it is not eaſy to 
| comprehend how a drop of ſemen, ſo diſpro- 
portionate to the whole body of the embryo, 
7 2 can 


Werne. 

can ſerve for its firſt aliment. But this diffi. 
culty preſſes on Haller as much as upon me; 
for it evidently implies, that one kind of ſe- 
men acts with more force than another on 
certain parts, and occaſions a more ampl: 
evolution; that the ſemen of the aſs, for in- 
ſtance, impels the blood with greater violence 
into the arteries of the ear; theſe are his own 
terms: he admitted, therefore, that the ſe- 
men of the aſs arrives at the arteries of the 
ears of the embryo of the horſe, how, other- 
wiſe, could the ſimple action of this ſemen, 
on the heart of the embryo, propagate its 
impreſſion to the ears, and cauſe ſo exceflive 
an evolution of them ? Beſides, how come 
the ears to be the only part of the head 
which grow to ſuch a prodigious length, fince 
all partake alike in the impulſe of the heart. 
Further, Haller ſpeaks of the power poſlel- 
ſed by the ſemen, of occafioning the growti 
of the beard, and of lengthening the tuſks 
of the elephant and the wild-boar :- he adds, 
if it has this power of promoting a greater 
growth in certain parts of the body which 
prepares it, than in others, it may have the 
fame effect on the body of the fetus which i 
animates. Would not this ſerve to ſhew, 
that our author tacitly ſuppoſes a diſperſion 
of the ſemen through the whole body of the 
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embryo? I ſuppoſe the ſame thing; and you 

have no greater difficulty than myſelf, in con- 
I cciving the prodigious diviſion of which a 
drop of ſemen is ſuſceptible. What we 
know of the diyiſibility of matter ſmooths 
this difficulty. It is much to be regretted, 
that our great phyſiologiſt confined himſelf to 
mere generalities on this ſubject, and that he 
| did not apply his hypotheſis to the explana- 
tion of the principal peculiarities offered by 
the mule. *© It is true, ſays he, my anſwer 
does not explain the mode or the mecha- 
niſm by which the ſemen of the male excites 
the germ of the ear, and cauſes ſo large an 
evolution of it. But I am not obliged. to 


explain this mechaniſm, provided my facts 
e are well eſtabliſhed. The influence of the 
+ WH {men on the growth of the beard and horns 
is demonſtrated, though the manner in which 
it acts may be perhaps for ever unknown. It 
is ſufficient to ſhew, that there is a certain 
1; power in the ſemen of the male, which de- 
er termines the growth. of the fetus, ſo that 
certain parts come to be more developed: It 
he would not be more juſt to demand an expli- 


cation of the mechaniſm by which this is 
brought about, than the reaſon, why the ab- 
ſorption of the ſemen of the male produces 
the growth of the beard,” 


* 5 | I ſhauld 


„ rr 
I ſhould have eſcaped much labour, if in 
imitation of my illuſtrious friend, I had con. 
tented myſelf with repeating, that the ſemen 
of the male has a certain power to cauſe a 
greater developement of certain parts. But 
ſo vague an explanation not ſatisfying me, [ 
have endeavoured to analyſe facts, and from 
this analyſis I have ſought a ſolution, which 
might be applicable to the moſt eſſential pe. 
culiarities of theſe facts. In a word, I have 
ſuppoſed that the ſtrong traces of reſemblance 
between the mule and aſs, implied in the ſe- 
men of the latter, ſomething more than a 
ſimple ſtimulating power: am 1 deceived, 
think you, in this concluſion, and are you 
inclined to believe, that a fimple ſtimulating 
power is ſufficient for the whole? I cannot 
yet preſume ſo much, but it is very poſlible, 
that a more ſatisfactory hypotheſis than mine 
may be imagined, and I will be the firſt to 
adopt it. 
erxxviI. You have done every thing you 
poſſibly could, in order to detect the real na- 
ture of the ſemen of your amphibious ani- 
mals. It is not then either vifcous or inflam- 
mable, acid or alkaline; and yet how won - 
derful is its energy! It evaporates like water, 
and it is very well worth remarking, that iti 
molt valatile part. is preciſcly that which is 
unit | 


unfit for fecundation. This part, in all ap- 


jerum, deſtined to prevent the too great viſ- 
cidity of the fecundating part. It would be 
an intereſting employment to carry bn theſe 
reſearches to the ſemen of large animals; 
they have not been puſhed ſo far as they 
ought. Nor would it be leſs intereſting to 

know, whether the ſemen of large animals 


incorporated like that of your amphibia, with 
a great . quantity of water or other liquors, 


would in like manner preſerve its energy. 
The happy experiment made on your bitch, 
points out the path that ſhould be followed 
in order to aſcertain this point. The ſeed 
has been conſtituted in a ſecret relation to the 


ſince it is deſtined to increaſe the operation of 
knowledge of the nature of irritability. 1 
would not, however, venture to affirm, that 


there does not exiſt in nature ſome other li- 


evolution of the germ. Who knows, if the 


you pleaſe, a filly idea, but I lay before you 


every 2 which paſſes through my brain. 


* I could 
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pearance, is only lymph, or rather ſimple 


nature of the power which cauſes irritability, - 


this power; but we have not yet ſufficient. 


quor beſides ſemen, capable of cauſing the 


powder of the ſtamina of certain plants, may | 
not make ſome impreſſion on certain germ 
longing to the animal kingdom? This is, if 
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I could wiſh, that the powder of the ſtamina N winte: 
of the barberry might be tried, of which the Fſcholic 
fetid and penetrating ſmell ſeems to announce IM ſevere 
great energy. Animals and vegetables com- Yo! 
poſe but one family, and their analogies are WW protec 
very numerous. Inverted experiments of will 
this nature ought to be attempted, for it is {WGuar 
only by infinitely multiplying the combina. Coun 
tions of beings that our knowledge increaſes, his fe 
I am always a little miſtruſtful of our general N Preſe 
concluſions, however apparently well founded, ¶ reſpe 
becauſe our premiſes are always more or les Acce 
particular. ſantl) 

Thus, m my dear friend, I have gone over {Wirien: 
all the paragraphs of your excellent letter; Ns 1 
and I wiſh my reflections oy afford you ſatis- 
faction. _ 

I began this long letter the gth of Dicem: 
ber, and it has employed me till this day, the 
loth of January. If you ſend me any account 
of your new experiments on the generation 
of plants, I ſhall be able to make uſe of it at 
the end of Part the xth, provided it does not 
come too late. 

My wife was very ſenſible to the politeneſs 

of your obliging recollection of her. She 
deſires me to preſent her compliments and 
congratulation on the ſucceſs of your in- 
quiries. Her nech; is rather better this 


winter 


— 
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vinter than it was the laſt; but returns of the 
cholic, from time to time, make her ſuffer 
ſeverely. 

You and the univerſity have loſt a great 
protector: but I am certain, that her ſucceſſor 
will patronize the arts and ſciences. The 
Guardian Angel of Auſtrian Lombardy, 
Count Firmian, has ſuſtained a great loſs, and 
his feeling heart will be deeply ſenſible of it. 
Preſent to that Sage freſh aſſurances of my 
reſpect and unfeigned wiſhes for his welfare. 
Accept yourſelf the vows which I am inceſ- 
ſantly offering for you, my dear and celebrated 
friend, and entertain as much eſteem for me 
as J feel for you, 


The Contemplator of Nature, 
e ; 


END OF THE LETTERS. 
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GENERATION OF THE PLANTS, DENOMI- 
NATED BY LINMZUS SPAR TIUM jun- 
CEUM, VICIA FABA, PISUM SA TIVUM, 
DOLICHOS UNGUICULATUS. 


1. V 7 HOEVER is acquainted with Na. 


tural Hiſtory cannot be ignorant, 
that the three principal ſyſtems reſpecting the 
generation of animals, the ſyſtem of the 
ovariſts, that of the vermiculiſts, and that 
founded upon the t iguors, have been trans 
ferred, with the neceflary modifications, to 


plants. Some think, that the embryos y 
, exi 


/ 


exiſt in the ovarium, others that they are 
tranſported thither in the impregnating pow - 
der, and others believe, that they are ge- 
nerated in the ovarium, by the combina- 
tion of two fecundating principles, the one 
furniſhed by the piſtil, the other by the ta- 
mina. 

My chief purpoſe being to inveftigate the 
generation of certain plants, I conceive there 
can be no better way to arrive at truth, than 
to ix my attention chiefly upon the ovarium. 
That I might have the greater chance of ſur- 
priſing Nature in her operations, I deter- 
mined to examine this organ at three diffe- 
rent periods; before fecundation, at the time 
it takes place, and after it has been effected ; 
or, what amounts to the ſame thing, fee 
the aſperſion of the pollen. J was there 
ore obliged to examine the flowers while 
they were yet cloſed, when they were in full 
bloſſom, for that is the ſeaſon of impregna- 
ion, and after the petals had dropped. I begin 
vith the ſpecies denominated by Linnæus and 
others, Spartium Junceum, Ruſby-twigged 
DroOmM. 

11. From tie nature of this plant, as well 
as of others without number, the flowers of 
he ſame branch are not all equally forward, 
ome being in the ſtate, of a {mall bud, 


theſe 
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theſe are ſituated higheſt on the branch; 


others already blown, or about to blow, 


theſe occupy an intermediate ſituation; and 
others again fallen or falling, -theſe — on 


the loweſt part. The ſame branch therefore 


furniſhed matter for various obſervations. 


The ſmalleſt buds were firſt to be examined. 
They are perfectly compact, and form a ſolid 


body, ſcarce a line in length. If they be 
dexterouſly opened with fine inſtruments, the 
petals may be diſentangled and brought into 
view. They are of a light green, without 
any tinge of yellow, which is the colour of 
the ripe flowers. When the petals are re- 
moved, the ſtamina and piſtil, the organs of 

eneration, come into view. The powder 
of the antheræ may be perceived; it is far 
from being ripe, as is evident, not only, from 
the extreme minuteneſs of the granules of 
which it is compoſed, but from its want of 


volatility, a property it eminently poſſeſſes 


when mature. It is now fixed to the antheræ 
by means of a viſcid matter. The piſtil, ex- 


tremely tender, ariſes from the middle of the 


flowers. If its baſe be freed from the ſur- 


rounding teguments, and attentively examin- 


ed with a glaſs, the pod may be ſeen formed 


about 1-10th of a line in length. If the pod 
be examined externally, ſeveral tumours ma) 


N 
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be ſeen along the ſides, which, when ob- 
ſerved againſt the light, are found to be pro- 
duced by granules lodged within the pod, or, 
as I ſhall call it, the ovarium. Upon open- 
ing the ovarium longitudinally, theſe granules 
are found to be ſeeds, of very ſmall ſize and 
round ſhape; they are diſtributed in their na- 
tural order, in ſo many depreſſions or ſockets, 
and attached by filaments ( appiccature) to the 
inſide of the ovarium, juſt as the ripe ſeeds 
are in the ripe and dry pods of the plant. 
Theſe ſeeds are not found, upon diſſection, to 
conſiſt of an external cover, and a nucleus 
compoſed of two lobes, with a germ or plan- 
tule, as in their mature ſtate; but they exhi- 
bit an apparently homogeneous ſubſtance, - 
ſpongy, and like a tender jelly. From the 
reaſonable ſuppoſition. which I formed, that 
theſe are the ſeeds, it follows, that they exiſt 
in the ovaria at leaſt twenty days before the 
flower is in full bloom, or in other words, be- 
fore fecundation. Flowers at leaſt of equal 
ſize of another branch, growing from the 
green ſtem of the ſame plant, were not full- 
blown before the twenty-fifth day. 

111. The diſſection of ſeveral buds, larger 
by about one-half than the preceding, pre- 
ſented the following phznomena. The pe- 
tals, which were beginning to aſſume a yel- 


 lowiſh 


lowiſh hue, were not now ſo cloſe and com, 


hered to the ſummits. The ſtamina were 
become longer and thicker, as alſo was the 


the ſeeds had grown in ' proportion ; their 


were expanded, and the powder of the ſta- 


from the antheræ by the lighteſt agitation 


| Had acquired a black colour, and were grown 
dry. It was therefore neceſſary to infer, that 


nerated, or rendered viſible during the ripen- 
ing of the ſeeds. Hence, in order to dil- tranſp 
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pact; and the fecundating powder ſtill ad. obſery 


piſtil. The ovarium was not ſo ſmall, and 


ſubſtance was not ſo gelatinous, though it 
continued ſtill homogeneous and ſpungy. 

In flowers a little further advanced, the 
only difference conſiſted in an increaſed fize 
of the petals, ſtamina, piſtil, and ſeeds. Not 
was there any eſſential change when the petal 


mina, being now mature, might be ſhaken 


and diffuſed itſelf in a cloud through the air, 
In the ſeeds I could not at this period diſcover 
either lobes or plantule, but they were of a 
greeniſh colour and uniform ſubſtance, which 
was ſpungy and full of moiſture. Vet. 
could diſtinguiſh the lobes and plantule in the 
ripe ſeeds contained in thoſe pods, which 


at firſ 
and en 
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quor; 


the two lobes and the plantule are either ge- 


cover the generation or the appearance of W/atino 


| theſe parts, I was obliged to continue my the fi 


obſer vation 
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obſervations till I had gained ſome ſatisfac- 
tion upon this curious and intereſting point. 

I began with the ovaria or pods, from 
which the flowers had fallen ſome time. In 
ten days afterwards there was no difference. 
On the eleventh ſome new appearances began 
to take place in the ſeeds; They were no 
longer round, but reſembled an heart, of 
which the baſis was attached to the pod by 
an appendix, and towards the apex, when 
gently compreſſed, there appeared a whitiſh 
doint in motion. When the heart was cut 
open longitudinally and the inſide inſpected, 
his white point proved to be a ſmall cavi- 
ty, incloſing a drop of liquor, which had 
been made to move by the preſſure of the 
fingers. 

Twenty - one days after thy pods were. 
ſtripped of their flowers, the cavity, which 
at firſt appeared at the apex, was enlarged, 
and extended much farther towards the baſe ; 
it was full of a tranſparent liquor, with 
which the ſpungy ſubſtance of the ſeeds 'was 
alſo moiſt. On the twenty-fifth day the ca- 
ity was more enlarged, and till full of li- 
quor; it moreover contained a very ſmall ſemi- 
tranſparent body, of a yellowith colour, = 
latinous, and fixed by its two oppoſite ends to 
the des of the cavity. 


In 
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In a month the ſeed was much enlarged, 
and its ſhape is changed from a heart to: 
kidney ; ; the little body contained in the cavity 
is increaſed in bulk, is become leſs tranſparent 
and gelatinous, but there nite no ſign of 
organization. 

On the fortieth day the cavity, now grown 
larger, is quite filled with the body, which 
deſerves to be more particularly examined, 
It is ſurrounded by a thin membrane, ſome- 4. T 
what viſcid and tender; after this membrane MW adher 

is removed, the body appears bare, and with. W a thi 
out any other teguments; it is of a bright I with 
green colour, and may eaſily be divided by TI 
the point of a needle into two portions, in if of th 
which are manifeſtly recognized the two BW embr 
lobes ; within theſe we may eaſily perceive Nof th 
the plantule exceedingly ſmall, and attached WM fecur 
to the lower part. The lobes, together WM more 
with the membrane, are afterwards defended Wil may 

by a huſk or ſkin, which forms the outſide of vi 
the ſeed. this f 

The reader will caſily gueſs what after- Wl the 
wards happened to the pods as they grew with 
riper. The lobes and the plantule were only Wl The) 
more and more developed, and by degrees Wl likey 
acquired greater firmneſs. And in this man- ]Wravel 
ner did the ſeeds of the broom arrive at ma- appr. 
turity. V. 

v. The 
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v. The foregoing obſervations ſhew, 1. 
That the ſeeds of this ſpecies exiſt in the 
ovarium many days before fecundation. 2. 
That they remain for ſome time ſolid, and 
then a cavity, containing a liquid, is formed 
in them. 3. That after fecundation a body 
begins to appear within the cavity, fixed by 
two points to the ſides; and when in proceſs 
of time it has attained a larger ſige, it proves 
to be the two lobes incloſing the plantule. 
4. That the ripe ſeed eonſtſts of two lobes 
adhering to the plantule, and ſurrounded by 

a thin membrane, which is itſelf dern won 
with a huſk: or cutic lee. 

Theſe deductions illuſtrate the generation 
of the plant in queſtion. We learn, that the 
embryos do not appear till after the falling 
of the flowers, and conſequently not till after 
fecundation, though the ſeeds, or, to C peak 
more properly, the integuments of the ſeeds 
may be ſeen long before. 

vi. Having analyſed the fralfigettion of 
this ſpecies of broom, I proceeded to that of 
the common bean, Vicia Faba. I began 
with thoſe which had the ſmalleſt bloſſoms. 
They appear externally of a green colour, and 
likewiſe internally, if the tender petals be un- 
ravelled ; here and there, indeed, the green 
approaches to a white, The ſtamina are vi- 
You. 1k Y ſible ; 
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ſible; the antherë, inſtead of pollen, exhi. 

bit a viſcid gelatinous ſubſtance; The piſti 

is of a White and green colour; towards the 

apex it is villous, and within the baſe or ovi- 

mY rium, if it be inſpected againſt the light, 

* may be perceived the ſeeds. It may be re. 
4 marked, that the ovarium of the bean more 
eaſily ſplits into two than that of the broom, 

and that the ſeeds of the former plant are in 

like circumſtances larger than thoſe of the conta 

latter. The ſeeds of the bean are roundiſh, {Wlobes 

but on one ſide there is an hooked and ſhary I treme 

| beak. They are ſemi-tranſparent, gelatinouz, if tache 
= and when opened, are found to bb ſolid and Wh betwe 
p \ without a cavity. ' ſtance 
If bloſſoms not quite 10 ſmall 5 me! plant 

the powder of the ſtamina is perceptible ; time. 

is e to be imbedded in a glutinous ſub : menti 

ſtance, The ovarium having now attained i the ſ 
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larger ſize, contains ſeeds proportionally in- vr. 
creaſed in ſize; they are neither ſo gelatinous {upon 
nor ſo tranſparent, but they contain no cavity. ¶ they 
Other ſeeds further advanced, and belonging face f 
to bloſſoms about to open, or already ns the fl 
cd, are in the fame ſtate. buds 


The cavity is not viſible till the ad or 40 ſeem 
day after the falling of the flowers; it is then {itanc 
found to be full of a tranſparent . The vity. 

ſeeds 
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ſeeds. and the cavity increaſe together, and 
filteen or twenty days after the fall of the 
petals, the cavity contains a body, which, 

ven magnified, ſeems to be ſplit into two, 
Wl though the obſeryer cannot be certain of this 
till afterwards; when if he opens ſeeds nearer 
Woaturity, he will find them, to divide very 
Weefly into two portions. Theſe portions are 
manifeſtly the two lobes, within which 1S 
contained the tender naſcent plantule. If the 
lobes and the plantule be treated with ex- 
reme care, & mücous filament is found at- 
cached to the plantule, which, after paſſing 
between the lobes, is implanted i in the ſub- 
ſtance of the little ſeeds. The lobes and the 
plantule are merely developed in proceſs of 
time. They are covered, as in the above- 
mentioned broom, with the integuinents of 
2 rect „ 
i. 1 ſhall relate at once my obſervations 
Hh pos and kidney-beans, the appearances 
they offered being perfectly alike. The ſeeds 
are found in the ovarium full formed, when 
the flowers are little advanced, and when the 
buds are yet ſcarce viſible. The ſeeds now 
ſeem to confiſt of an homogeneous ſub- 
ſtance, and are without any internal ca- 
vity. The ſame may be faid of them when 
. "wp 
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they are become'many times larger, and when 
the powder of the antheræ is ripe. The ca- 
vity begins to be viſible ſome days after the 
| withering of the flowers, and in ten or twelve 
days more it is enlarged, and a white muci. 
laginous point connected by a ſlender filamem 
with the ſeeds may be perceived in it. Thi 
point is the rudiment Hip the lobes, between 
which the plantule may be diſtinguiſhed by 
the Aid of the microſcope. _ What follows 
may, eafily be imagined : the lobes and plan- 
tule increaſe in ſize, and their increaſe unplic 
the growth of the ſeeds which contain the 
lobes, j | * 
If we compare theſe F upon 
kidney-beans and > with the. foregoing 
upon broom. and ans, we ſhall find, that 
they all contribute to prove that the ſeeds, a 
their integuments, exiſt before fecundation, 
but that the plantule and the lobes cannot be 
ſeen till afterwards. 
It would therefore appear, that theſe n 
ſults' do not agree with my obſervations a 
amphibious animals; for in them I found 
the fetuſes before 1 impregnation. But are wt 
| immediately to conclude, that i in the proceß 
of generation Nature follows two different 
| methods: in plants and in animals? The 11 
; ciß 63 
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ciples of ſound reaſoning do not permit me to 
make ſo haſty a declaration; they require, 
[that I ſhould continue my reſearches on plants, 
Theſe reſearches I undertook, and a relation 
of part of them ſhall be the ſubject of the 
following chapter. 
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GENERATION OF THE PLANTS | DENOMI» 
| NATED BY LINNAEUS, RAPHANUS $4- 
TIVUS, CICER ARIETINUM, IXIA chi- 
NENSIS, DELPHINIUM CONSOLIDA, CU- 
. | CURBITA Pro, CUCUMIS sArlvus, 
EXAMINATION OF THE POWDER OF THI 
STAMINA, 
VIII, FD Aphanus ſativus, common Radiſh, 
The ſeeds are viſible in the ova- 
rium long before the powder of 
the antherz is ripe. They are ſolid, and 
continue fo till twelve or fifteen days after the 
falling of the flowers; the uſual cavity then 
appears, of ſmall dimenſions at firſt, and 
full of liquor, but ſucceſſively enlarging, in- 
ſomuch that about the 2ath day, it occupics 
almoſt all the inſide of the ſeeds, In three 
or four days more, the lobes are ſeen ſur- 
rounded as uſual by a tranſparent. liquor; and 
we may ſoon afterwards” perceive between 
them 'a mucilaginous filament, attached by 
one end to the plantule, and by the other to 
the internal cavity of the ſeeds, When " 
| : | ſeeds 


- 
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ſeeds are nearly ripe, the two lobes are con- 


ſiderably increaſed; they reſemble a pear with 
its ſtalk ; the ſtalk is implanted into the con- 


cave ſurface of the ſeeds. If the lobes be 
taken out and carefully examined, the ſtalk 
appears to be part of the plantule; and in- 


ſtead of two lobes, the number obſerved in 
the plants before mentioned, there are four; 


the two ſmaller are implanted in the two 
greater; they are all united, and ſo attach- 
ed to the plan tule, as with: it 0. form one 
body, | 


til in this plant repreſents in miniature a 
gourd, of which the belly is the baſe of the 
piſtil, or, as I call it, the ovarium, If this 
be opened longitudinally twelve or fifteen 


days before fecundation, two pointed ſeeds, 


ſolid and of a green colour, come into view. 
As the parts of fructification ripen, the ova- 


rium ſwells and takes the farm of a purſe, to 


which the ſeeds are attached. About four or 
five days after fecundation, the cavity begins 


to form, and on one fide of it may be perceiv - 


ed two very minute lobes; if they be care- 
fully opened, the plantule is ſeen attached to 


the ſeeds by a mucilaginous filament. No- 
thing further takes place except a progreſſive 


evolution. 
Y 4 X. Ixia 


IX, Cicer $i 97" Chick-pea. The piſ- : 
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x. Ixia chinenſis. Having opened longity. 
dinally the ovarium of one of the ſmalleſt 
buds, which is oblong and prominent at the 
centre, we find the pyriform ſeeds diſpoſed 
in their natural order, and perfectly ſolid 
within. The fame thing may be obſerved 
vrhen the petals are opened, nay, after they 
are fallen, and ſtill nine or ten days more 


248 


elapſe before the cavity begins to open; This 


plant is diſtinguiſhed by a peculiarity which 

muſt not be omitted. - At farſt the cavity is 
full of a tranſparent liquor, which in time 
thickens, and at length is converted into a 
white gelatinous matter, not unlike coagu- 
lated milk, The conſiſtence becomes gradu- 
ally firmer, and before the ſeeds are ripe, re- 
ſiſtance is felt on attempting to cut it with a 
knife. This ſubſtance, thus hardened, oc- 
cupies the whole cavity of the ſeeds, nor can 
there be perceived the ſmalleſt veſtige of the 
lobes. My obſervations were made upon 
ſeeds not yet arrived at perfect maturity, but 
I could not continue them for want of riper 
ſeeds. Are we to ſuppoſe that the ſubſtance, 
which is at firſt liquid, then gains ſome con- 
ſiſtence, and at laſt becomes hard, performs 


the office of lobes, ſo that they are produced 


in this inſtance in an unuſual manner; or is 
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jt more probable, that the lobes appear later 
than in other ſeeds? The phenomena of ano-— 
ther plant, of which I am now to ſpeak, in- | 
line me rather to the latter opinion. 

x1. Delphinium conſolida, Larkſpur, ”Y 
divided larkſpur. The appearances noticed 
during the growth of the ſeeds of the Ixia, 
ecurred on the preſent occaſion. The ca- 
ity, which is uſually formed after the falling 
of the petals, is ſoon filled with liquor, at 
rſt tranſparent, then whitiſh, and afterwards 
of the colour and conſiſtence of milk. If 
he ſeeds be now boiled for a ſhort time, the | 


omatum. There appears, upon examina- 
ion, no ſign of organization. When the 
eds are nearly ripe, the confiſtence of the 
hite liquor is increaſed, and when they are 
rived at maturity, its hardneſs is conſider- 
le. The plantule and the lobes'may now 
Pe diſtinguiſhed, but they are ſo buried in the 
4ſt of this indurated matter, that it is dif- 
cult at firſt to diſtinguiſh them certainly, as 
vell on account of their minuteneſs as their 
hite colour. This obſervation, which 
grees ſo nearly with the preceding, leads me 
0 ſuſpect, that the milky liquor of the Ixia, 
bich is firſt. coagulated and then harden- 
a, does nat conſtitute the lobes, but only 
encloſes 


ilky liquor is changed into a matter like : 
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encloſes and conceals them. They are invi, 
fible, either on account of their minuteneſg 

or becauſe the ſeeds are not yet ripe. In the 
preſent ſpecies, the late appearance of the 
lobes, which does not takes place in much 
leſs than a month after fecundation, is very 
remarkable (7. 

x11. Cucurbita Pepo, Common Pumpin 
or Pumpkin. Diſregarding for the preſent 


the male flowers, as having no relation with 


the preſent inquiry, on account of their ſte. 


rility, I directed my attention to the female 
flowers, beginning with the bloſſoms that 


were leaſt advanced; ſmall, however, as they 


are, the little pumpion is already formed un- 
der the bud, and the ſeeds within it are ver 
viſible, In this plant there is a peculiarity in 
their ſtructure. They are not compoſed of an 
homogeneous ſubſtance, as the unripe ſeed 
of other plants, but conſiſt of two matters, 


(a) I found, by obſervations made a year afterwards, 0 

mare advanced ſeeds of the Ixia, that my ſuſpicion was jul. 
When a longitudinal ſection is made along ſuch ſeeds, the plan- 
gle is very viſible; it has the ſhape of a cone; the baſe lies a 
the bottom of the ſeed, and the apex reaches about as high u 
the middle. The whole plantule is imbedded, and hid in the 
wilky matter, which at this period is very hard, I mul 
moreoyer obſerve, that notwithſtanding all my, paias, I could 
not diſcover the lobes ; perhaps the part I call plantule might 
ſerve in their ſtead. The appearance of the plantule is as lat 
3 the ſeeds of the Inia, as in thoſe of the larkſpur. 
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a hell and a nucleus. When the feed i 18 cut 
tranſverſely, theſe two ſubſtances appear in 


che plane of ſection; if a portion of the di- 
vided ſeed be held by the flat ſides between 


the finger and thumb, and preſſure be made 
yl towards the cut, the nucleus quits the huſk, 

and flies into the air, as the ſtone of a cherry 
does when preſſed in like manner. If the 
nt nucleus be taken whole out of its cover, it 
appears in the ſhape of a pear with its ſtalk, 
„and bears, mareover, a perfect reſemblance 
to the lobes with the plantule, But are we 
MF to conclude, that the plaptule is really vi- 
5 ſible here before fecundation? I confeſs, this 
u erſt obſervation: on the fructification of the 
on pumpkin, was very near leading me to adopt 
n! {is opinion. But one circumſtance ſug- 
ul geſted a doubt. In other plants the lobes 
Aare eaſily ſeparable into two, and ſome- 
times into four (v111) ; in the preſent 
ill caſe, the nucleus would nat admit of 
4 ſuch a ſeparation, but formed a perfect 
WF whole. The beſt way of removing my per- 
aß plexity, evidently was to proſecute my obſer. 
"I vations. From the examination of three 
larger buds I learned, that the nucleus yet 
uld 


conſiſted of one body, and that it adhered fo 
WM firmly to the cover, that it could not at all, 


1 leaſt not without great difficulty, be 
J 5 parted 


* 


* 
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parted from it. But the cover or rind aps 
peared much more complex than I had at 
firſt conceived. It conſiſts of three diſtinq 
membranes. The firſt | or outermoſt is the 
moſt thin and delicate of all; it may be de. 
nominated the cuticle or epidermis. The 
ſecond, which lies immediately under the 
firſt, is thicker, and of a whitiſh colour, and 
has a degree of hardneſs approaching to that 
of wood; there is ſome. difficulty in ſepa- 
rating it from the third, which inveſts the 
nucleus; this innermoſt ſkin or membrane is 
_ greeniſh and firm, but not ſo firm as the 

The inſpection of the PAP twenty-five 
days after the falling of the flower, gave me 
an opportunity of obſerving other new cir- 
cumftances. The nucleus, which fo much 
reſembled the lobes, had diſappeared, and in 
its ſtead, there was a membranous fac, ter- 
minated by a beak, that was attached to the 
inſide of the ſeeds. The fac was ſomewhat 
tumid, with a liquid ſtagnating within it, as 
became evident whenever it was perforated, 
By gently laying hold of the beak with a pair 


df forceps, the little fac may without diffi- 


culty be entirely removed. It is compoſed 
of two membranes, which, when opened, 
are found do contain a my tender mucilagi- 
1 nos 
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ndus body full of moiſture. This body 
ariſes from the inſide of the apex of the 
ſeed, and extends about half its length; it 
is attached to the place at which it termi- 
nates. The lighteſt touch breaks and de- 
ſtroys it. When examined by the micro- 
ſcope, it a pears reticulated, whence 1 con- : 
clude that it is organized. 

In ſeeds further advanced, when the flowers 
have been withered above a month, the mu- 
cilaginous body encloſed in the membranous 
fac is much enlarged, and at the infide of 
the apex of the ſeed appears a white, ſolid, 
and conical particle, which, whea attentively 
examined, appears to. be the germ or the 


| plantule in miniature. To the plantule are 


attached the two lobes like it, of a white 
colour, and exceeding it in ſize; the mucila- 
ginous filament above-mentioned paſſes in the 
middle between them, and is inſerted into 
the plantule. It is eaſy, from what has been 
faid above, to gueſs how the ſeeds gradually 
advance towards maturity. The mucilagi- 

nous filament enlarges in its dimenſions, the 
plantule increaſes, and the two lobes ad- | 
vancing in bulk and maſs, come at laſt to oc 
cupy almoſt all the inſide of the ſeed. It ap- 
pears, therefore, that I ſhould have been 
greatly deceived if I had taken the nucleus 


which 


334 Ar Ar lit. 


which is found. within the ſeeds before the 
opening of. the flowers, for the lobes: and the 
| plantule, fince theſe. parts do not make their 
appearance till a month after the vithering of 
1 = 
XII. Cucumis fatious, , F. M 
obſervations on the ſeeds of this plant, ſo 
exactly reſemble thoſe on the ſeeds of the 
pumpion, both with reſpect to the appearance 
of the nucleus before fecundation, the mem-· 
branous ſac, and the gelatinous ſubſtance, 
which are obſerved afterwards, and laſt of 
all the lobes and plantule, that, I think | it un- 
neceſſary to enter into a particular ; account of 
| them. I ſhall only ſay, that in the cucum- 


ber the plantule and the lobes ſeem to me to 


become viſible Kill later: they at leaſt were 
very ſmall in one inſtance, . when the fruit was 
nearly ripe, and beginning of courſe to tum 
yellow... - , 
I afterwards proceeded to examine other 
lants, Hibiſcus Syriacus, the Syrian ſhrubby 
allow, Alcea roſea, roſe-flowered, or com- 
mon Hollyhock,'. Acanthus mollis, ſoft or 
ſmooth-leaved Acanthus, Convolvulus purpu: 
reus, purple Bindweed, to which may be 
added Ocymum Bofilicum, ſweet Baſil, Cucur- 
bita, citrullus, Cannabis ſativa, Hemp, Mer- 
gur alis annua, annual Mercury. All theſe 


r. 172 
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| plants perfectly agree in the appearance of 
une ſeeds long before fecundation, and of the 
plantule and lobes, ſome time after the ripen- 
ing and diffuſion of the pollen. This general 
obſervation perfectly coincides with the ac- 
count of the great naturaliſt Duhamel, given 
long fince in his Phyfque des Arbres. Speak- 
ing of the formation of the ſeeds of trees 
bearing fruit with ſtones, ſuch as the almond, 
che peach, plum, cherry; &c. he adduces 
many facts to prove, that when a ſtone, 
which has attained its full ſize, is opened be- 
fore the fruit is ripened, (and we may make 
the experiment a long time after fecundation), 
it will be found full of a viſcid liquor; a 
white body, he ſays, begins to appear within 
the point of the kernel, encloſed in a ſmall 
tranſparent bladder: this body is the rudi- 
ment of the lobes with the plantule ; they 
grow till they fill the whole capacity of the 
ſtone. From the coincidence of fo many facts, 
[1 think myſelf authoriſed to infer, that this 
n- WF (av is obſerved by Nature, if not in all plants, 
or ¶ yet in a great number. 

1 xiv. But with which of the three theories 
be reſpecting : the generation of plants (I), do 
my numerous | obſervation beſts agree? My 
er- principal aim was, as I have already remgrk- 
eſe ed, to find, if poſſible, data ſufficient for the 
he ; ſolution 
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ſolution vf this difficult problem.  Shoul 
we- be content , with. firſt appearances, we 
might perhaps think that ſyſtem. preferable, Wl pow: 
according to which, the embryos. of plant 
are conveyed, at the time of fecundation, by whic 
the powder of the antheræ into the ovarium place 
The embryos have never been found in this 
organ before the aſperſion of the powder, ill whei 
They always make their appearance after the it ir 
pollen has been obſerved upon the anthers, Ml; is 
t ſhould therefore ſeem, that the exiſtence! gue | 
of the embryos directly depends upon this N lacio 
powder; ; and it may be inferred, with ſome may 
degree of probability, that the embryos pre. 
exit in the pollen; and that when it fall 
upon the ſtigmata, they are conyeyed through 
particular ducts into the oyarium. , A learned 
naturaliſt (2), has accordingly been led to 
adopt this opinion, by the obſervations of 
fome perſon,, 'who pretended to have ſeen the 
embryos in the ovarium, immediately afte 
the ſummits had diſcharged their fecundating 


duſt. But whoever conſiders, with a little X' 
attention, the force of the argument, will odg 
find, that it is not very convincing. It is in then 


the firſt place not true, that the embryos may 


be perceived as. ſoon as the powder has fallen 
. from the ſtamina. They do not come into 


@ Needham: - Nour, decourerte faites avec | le Microſcope, 
viel 


view for more than-a week, and ſometimes 
not till a month after the diſperſion of the 


tions I have hitherto related, and from others 
which I ſhall hereafter relate. In the ſecond 


Bonnet has very well remarked, illogical ; 
when we infer, that the embryo does not ex- 


Tit is not viſible before that time, we ar- 
gue from inviſibility to non-exiſtence, a fal- 
lacious way of reaſoning, as many inſtances 
may be brought to ſhew : in the impregnated 
eps, for example, the beſt microſcopes will 
not bring the chicken into view, though we 
are ſure that it is preſent. Notwithſtanding 
the inconcluſiveneſs of the argument, there 


the plant to pre-exiſt in the powder, and 


quiries a different direction. | 

xv. If the embryos of plants be really 
Podged in the pollen, why cannot we diſcern 
hem by microſcopes of highly magnifying 
powers? The thing did not ſeem improbable, 


eſearches to this object. I accordingly ex- 
amined the ripe pollen of ſeveral plants, and 
en elpecially of thoſe upon which the foregoing 
Vor, HH = =” obſervations 
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powder, as is evident from all the obſerva- 


iſt in the ovarium before fecundation, becauſe 


ſeems no abſurdity in ſuppoling the embryo of 


thence to paſs into the ovarium. To remove 
theſe uncertainties, I reſolved to give my in- 


and I thought it would be proper to turn my 


/ 


place, this mode of reaſoning is, as Mr. 


338 DISS EZRTATTION If. 


obſervations were made. In the flowers of 
theſe vegetables, I found the powder to re- 
ſemble very nearly that of others examined 
by botaniſts, and in particular by Duhamel; 
it formed an aggregate of particles, differing 
in figure in different plants; in ſome the 
ticles are round, in others elliptical, in other 
pyramidal or REPORT in others of an irre- 
gular form. Sometimes they are ſmooth, 
ſometimes prickly, and at others covered 
with knobs. They are in different plants 
tranſparent, opake, yellow, white, blue, or 
carnation. The fize varies according to 
the difference of the flowers. But theſe 
corpuſcles are not, according to the com- 
mon conſent of Naturaliſts, immediately con- 
cerned in the generation of plants. They 
are veſicles, ſheaths, caſes, ---, or by what- 
ever name we may chuſe to diſtinguiſh them, 
for the moſt part full of a thin liquor, which, 
when they are moiſtened, they emit with 
force. In this liquor floats a multitude of 
very ſmall globules, which, at the time of 
_ exploſion, are thrown in different directions. 
Thoſe who adopt the theory we are conſider- 
ing, ſuppoſe the rudiments or embryos of the 
plants to be lodged in this liquor. It wa 
therefore proper to fix my attention upon it, 
and to try whether I could perceive an) 
e 9 an embryo. When th: 


' embry0s 
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embryos are firſt ſeen in. the ſeeds, they re- 
preſent a ſmall pointed body, to which two 
larger bodies are affixed, like the cloſed 
wings of a butterfly; theſe are the lobes. I 
examined the liquor with great attention, in 


order to ſee whether it contained any ſuch - 


bodies, or any thing like them. 1 uſed glaſſes 
of various powers, from the loweſt to the 
higheſt ; but I could diſcover nothing except 
the liquor, which in ſome caſes is like oil or 
melted fat, and the globules that uſually float 
in it. As the liquor, a ſubſtance without 
organization, cannot be what we term em- 
bryos, I had only to examine the globules ; 
but I could perceive nothing in them, which 
bore any reſemblance to lobes or embryos, 
Theſe, as the. word globule imports, are 
round bodies, or ſuch as have nearly that 
figure; they conſtantly retain it with what- 
ever microſcopes they are examined. Nor 
did their form change, when I uſed the ſolar 


microſcope, which ſo prodigiouſly enlarges 


objects. Of theſe facts, it is the direct con- 
ſequence, that we cannot aſſert, with any 
probability, that the embryos of plants are 
lodged in the pollen. 

It may, I am well aware, be objected, | 
that the globules are the real embryos, and 
retain their round ſhape as long as they con- 

Z 2 tinue 
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tinue in the powder; but that as ſoon as they 
paſs into the ovarium, and find a proper ſup. 
ply of nouriſhment, they unfold the parts 
which were before concentrated in a minute 
globe, and aſſume the ſhape of the lobes and 
plantule; juſt as the tadpoles of the frog and 
toad, according to my obſervations, repre- 
ſent ſo many globules as long as they remain 
in the body of the female, but when they 
come to be nouriſhed with the liquor of the 
amnion (@) put on the real form of the tad- 
pole. Such an objection may be ſtarted, but 
it amounts to no more than a bare poſſibility, 
that the globules floating in the liquor of the 
pollen may be the embryos. But I am not 
ſeeking for poſſibilities; I am enquiring 

whether the ſuppoſition is probable ; whether 
there is any juſt motive for ſuppoſing the 
embryo to pre-exiſt in the powder of the 
ſtamina: and my obſervations ſhew not any 
ſuch probability, or any ſuch juſt motive. 
Not having, by theſe means, obtained the 
information 1 ſought, there remained one 
other chance of ſolving the problem, by in- 
terrogating Nature in a different manner. 
This was to try, whether the embryos would 
appear and grow to maturity, when the powder 


of the anther was hindered from acting upon 


(a) Diſſert. I. 


the 
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the piſtils. Should the event be ſuch, it would 
be evident, that the embryos do not belong to 
the pollen, but the ovarium. The experi- 
ment might be made in three ways, either by 
cutting away the antheræ of hermaphrodite 
flowers, before they ſhed their powder upon 
the piſtil; or by removing the male flowers 
of thoſe plants, in which they grow ſepa- 
rately on the ſame individual before they are 
ripe; or laſtly, by keeping the male plants 
at ſuch a diſtance from the female, that there 
can be no ſuſpicion of their duſt reaching 
them ; this experiment relates to plants pro- 
ducing two forts of individuals; one pro- 
vided with ſtamina only, the male, and the 
other with piſtils only, the female. Theſe 
experiments, together with ſome obſervations, 
will furniſh matter for the two following 
chapters. 


2 3 CHAP. 
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CHAS. .. 1 


Nn ; app 
GENERATION OF SOME HERMAPHRODIT? 
AND MONOICOUS.PLANTS, UPON WHICH 
THE POWDER OF THE STAMINA Ways 
PREVENTED FROM ACTING, CALLED 
BY LINNZAUS OCYMUM BASILICUM, Hl 
BISCUS SYRIACUS, CUCURBRITA | MEL0» 
' PEPO FRUCTU CLYPEIFORMI,' CUCUR« 
BITA CITRULLUS, 5 


XVI. 1 BEGAN with an od 
plant, viz. that ſpecies of Baſil 
which is a raiſed in pots, and called j 
botaniſts Ocymum Baſilicum, ſweet baſil. 
happened, at the time I conceived the a 


of entering upon this inquiry, to have ſome of 
in blow, and others of which the flowers Wl vw 
were not yet expanded. That I might form in 
a juſter judgment concerning my experi- 
ments, I reſolved to compare flowers, in o 
which the pollen had acted with others, in ti 
which its influence had never been exerted, 00 
My obſervations upon the former were the tl 
' following: every bloſſom of baſil had four I f 


ſtamina, in the midſt of which riſes the piſ- 
il. 


\ 
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til; the ſtamina, as well as the piſtil, are 


| diſtintly viſible twelve days and more before 


the opening of the flower, when the petals 
have been cautiouſly removed. The ſeeds 
appear at the ſame. time in the ovarium; they 
are four in number, and have an oval ſhape. 
They continue ſolid for ſeveral days after the 
falling of the flowers, but ſoon afterwards, 
while they are increaſing in bulk, a cavity, 
like that which I have obſerved in the ſeeds 


of other plants, begins to form. Within 


this cavity, we may in a ſhort time diſcern a 
ſolid point, at firſt ſhapeleſs, but ſoon put- 


ting on the form of the lobes and plantule. 


Meanwhile the cavity becomes more capaci- 
ous, as the plantule and lobes grow, and at 
length theſe bodies occupy the whole inſide 
of the ſeeds. Such is the proceſs of Nature 
in thoſe flowers of baſil, in which the powder 
of the ſtamina is left to produce its effects: 
we have ſeen that the ſame phenomena occur 


in other plants. Py, 


xv11. It is now proper to proceed to the 
other more intereſting part of our compara- 
tive inveſtigation, and to obſerve what be- 
comes of the embryo, when the influence of 
the pollen is withdrawn. At'the time when 
the flowers were about to open, I cut away 


the four antherz, which now were full of 


2 4 I ripe 
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ripe pollen. But this operation alone did not 
ſatisfy me. The exceſſive tenuity of that 
halitus, which burſts from the pollen (xy), 

and which, in the general opinion of bota- 
niſts and naturaliſts, has an immediate effect 
in generation, (in whatever manner it may 
produce this effect) rendered it neceſſary not 
only to remove the pollen, by cutting away 
the antheræ of thoſe flowers upon which the 
experiment was made, but alſo to keep at a 
diſtance the pollen of other flowers growing 
on the ſame plant. This end was eaſily ob- 
tained, by plucking off all the flowers as 
they were about to expand, except thoſe 
' which were the ſubje& of my experiment. 
The pot was placed on a window, and there 
grew near it no other plants of the ſame 
kind, either in pots or in the ground. I can- 
not relate what happened without aſteniſh- 
ment. The ſeeds, ſome time after the fal- 
ling of the flowers, became hollow within, 
and in the cavity appeared the lobes and the 
plantule, which grew till they filled the whole 
capacity of the ſeeds: In ſhort, the various 

haſes aſſumed by ſeeds that have been ſub- 
Jected to the influence of the pollen, were ob- 
ſerved without any variation in others, which 
may reaſonably be ſuppoſed never to have felt 


that influence. Pr ( 
| XVII I 
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xv111. I could not however acquieſce in 
his reſult: but was rendered uneaſy by a ſuſ- - 
picion, that ſo delicate an experiment had 
not been executed with all the neceſſary pre- 
zutions. According to the common opi- 
nion of philoſophers, the powder of the ſta- 
mina exerts its action while the flowers are 
pening, or ſoon after they are blown. But 
on opening the flowers of baſil two or three 
days before their time, I thought that in two 
or three inſtances part of the pollen was 
ipe, and that one or two grains had fallen 
pon the piſtil, which lies very cloſe to the 
antherz, and indeed almoſt touches them. 
therefore ſuſpected, that I had cut away 
he antheræ too late, and after the pollen had 
produced its effects. This conſideration led 
e to perform the operation upon flowers leſs 
orward, and not liable to ſuch a ſuſpicion. 
ind now the event was different. T made 
he experiment upon eighty- four bloſſoms. 
he ſeeds of about one-third of this number 
ell before they were ripe. In the ovaria of 
he reſt appearances were exceedingly vari- 
dus. Some ſeeds, notwithſtanding it was 
he ſeaſon of their maturity, were as ſmall as 
hen the antheræ were cut away. In ſome 
varia they were larger, but withered, dry, 
or quite ſpoiled. In twenty-five inſtances, 
| they 
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were as well looking and as large as thoſe 
which had been ſubjected to the influence of 
the pollen. I was not however to be ſatis- 
fied with external appearances. The princi- 
pal queſtion was, whether they each con- 
tained an embryo, or a plantule attached to 
lobes? They actually contained theſe parts, 
nor could I, by analyſis or compariſon, per- 
ceive any circumſtance in which they differ- 
ed from the plantule and the lobes of ſeeds, 
upon which the influence of the pollen had 
been exerted. Of theſe twenty-five ſeeds, 
certainly never acted upon by the powder of 
the antherz, twelve were analyſed in this 
manner, and the remaining thirteen were 


put into the ground. But they did not ger- 


minate, while thirteen ſeeds of the fame 
plant, left to the action of the pollen, and 
ſown in the ſame place, all came up. The 
immediate and molt ſtriking inference to be 
deduced from theſe obſervations is, that the 
fecundation, and ſometimes the evolution of 
the embryos of baſil, depend upon. the pollen, 
but not their exiſtence. 

x1x. Whilſt I was thus employed upon 
baſil, I made obſervations and experiments 
of the ſame nature upon Syrian ſhrubby mal- 
low, Hibiſcus Syriacus. The antheræ were 


cut away from a great number of bloſſoms 


before 
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hefore they expanded. I could not however, 
| muſt own, be certain, that a grain or two 
of powder had not fallen upon the piſtil; for 
[ oftener than once obſerved, that it was 
quite ripe, Some ſeeds fell ſoon after the 
operation, but the greater part remained in 
their proper ſituation, and grew conſider- 
ably; they would perhaps have arrived at ma- 
turity, if the coolneſs of the atmoſphere at 
the ſetting in of autumn, had not prevented 
them, as it prevented other ſeeds of the ſame 
ſpecies, which were left to themſelves, and 
muſt be ſuppoſed to have been impregnated 
by the pollen, Some of theſe ſeeds, which 
had grown a good deal, but were yet unripe, 
were black within and ſpoiled, others were 
white, in all appearance ſound, and, what is 
of chief conſequence, they contained a plan- 
tule attached to its lobes, which-were con- 
voluted like cut lettuce. From the plantule 
aroſe, in ſome caſes, an almoſt imperceptible 
gelatinous filament, of which the other end 
was inſerted into the ſeeds. n 
When I cut off the antherz from the 
blown flowers, I performed the ſame opera- 
tion upon others ſeveral days before they were 
to expand, To effect my purpoſe it was ne- 
ceſſary to force open the bud, which could 
not be done without ſometimes injuring a 


petal. ; 
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petal. At this time it ſeemed certain, that 

' . the pollen could not have produced any ef. 

fect, as it was viſcid, and adhered tenaciouſy 

to the ſummits of the ſtamina. The reſul I 

exactly correſponded with the foregoing ob. 

ſervations. The ſeeds of ſeveral flowers 

f | dropped prematurely, while in others they 

5 continued firm, and grew conſiderably, but 

x did not ripen: ſome were vitiated internally; 

3  _ others contained lobes and a plantule com- 
pletely developed and ſound. 

It is obvious, that the conſequences of the 

experiments on ſhrubby mallow and baſi 

. perfectly agree; they equally concur to prove, 

ROS that although the due evolution of the em- 

= bryos depends on the action of the pollen, 

this powder neither conveys nor Rong 

them, 

xx. Having ſufficiently ſatisfied my curio- 

fity, with reſpe&t to theſe hermaphrodite 

plants, I proceeded, according to the plan 

laid down in Sect. xv. to plants bearing male 

and female flowers ſeparately on the ſame in- 

dividual. My obſervations were made upon 
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two of this claſs, the pumpion with ſhield- Wp fm 
form fruit, Cucurbita Melopepo frufiu Clypei» Noon 
formi, and the citron pumpion, Cucurbits Wpccai 
Citrullus. I had the ſeeds of the former Jus j 


—_ * the public botanic garden at 
Pavia; 
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Pavia; they were ſown in the ſpring at Scan- 
diano, a well-known and very pleaſant fort 
belonging to the ſtate of Modena, and'the 
Pace of my nativity: here, during the ſum- 
mer and autumnal vacations, I employ my- 
ſelf in thoſe experimental enquiries, which 
are the ſubject and the foundation of my un- 
important literary productions. At my ar- 
rival there in the beginning of June 1777, 
wo individuals, for I had ordered two only 
to be raiſed, were juſt beginning to put forth 
few flower-buds towards the bottom of the 
ſtalk. At this early period the male flowers 
may eaſily be diſtinguiſhed from the female. 
he former, denominated alſo barren by bo- 
taniſts, have a ſlender ſtalk; while the ſtalk 
ff the latter, where it joins the calyx, 
forms a tumour, conſiſting of the immature 
fruit, as is intimated in Sect. x11. I paid 
daily viſits to theſe two individuals, and very 
arefully watched the progreſs of both ſorts 
ff flowers. That there might be no ſuſpi- 
ion of the pollen exerting any influence 

pon the females, the males were deſtroyed 
at their firſt appearance. As fruit, when 
} ſmall quantity only is left upon a plant, 
ooner ripens, and grows to a larger ſize, 
decauſe it receives a greater ſhare of nutriti- 
us juice, I left om each of my two indivi- 


dual 
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EN 


_ duals two flowers only; the buds that made 


their appearance afterwards were taken away 


along with the male flowers. Meanwhik, 


my four gourds grew rapidly; finding thy 
towards the middle of September they ha 
attained the uſual full ſize, I gathered one 


in order to inſpe& the internal parts. The 
- fleſh was too ſoft, becauſe the fruit wy 
not thoroughly ripe; but in colour, ſtruc. 


ture, and taſte, it reſembled fruit pro- 
duced by plants which had their male flower, 


and which I examined both before and after. 


wards at Pavia. 


The ſeeds were in great 
number, and, as well internally as exter. 


| nally, were perfectly formed; the lobes, in. 


deed, to which the plantule was attached, 


did not occupy the whole capacity of the 


ſeeds, but they had not attained their full 


Hze, 


At the end of the month the other 
three gourds were quite ripe ; I therefore 
gathered them, and put the ſeeds of each 


into a ſeparate box, that I might be able to 


— 
% 


examine them at pleaſure. The lobes filled 


the whole inſide of the ſeeds, and had il 
the characters of perfect maturity. 
xxI. Thus far there is a perfect agreemen 


with the obſervations made on the ſeeds « 


bafil, which ſeemed, notwithſtanding they 
were deprived of the efficacy of the pollen, 
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to have acquired the fame degree of perfec- 
tion as thoſe impregnated in the uſual man- 
ner. But as they did not grow, however 
perfect they might be in appearance, becauſe 
they had not been vivified by the pollen 
(xvi11), I imagined, that for the ſame 
reaſon the ſeeds of my three gourds would 
not grow. It was, however, proper to 
make the experiment. I therefore dried one 
hundred and fifty in the ſun, and afterwards 
planted them in three pots, fifty in each, 
taken from ſeparate gourds. But the lateneſs 
of the ſeaſon, it being the 10th of October, 
the conſtant rain, and the coolneſs occa- 
fioned by it, circumſtances unfavourable to 


ed v:2ctation, obliged me to place my pots in 
the a ſtove, which, though it was not heated, 
full was kept warm by a contiguous chimney. 


The event did not by any means correſpond 
to my expectation; I took it for granted, 
that none of the ſeeds would germinate, and 
: toll yet they almoſt all came up very well. On 
le the 1 5th, ten days after they were planted, 
thirty-ſeven, out of one hundred and fifty, 
had germinated ; the number increaſed daily, 
inſomuch, that on the 8th of November, 
one hundred and thirty - three appeared above 
the mould in the pots. I was unwilling to 
leave the ſeventeen ſeeds that did not ſhoot 
unexamined ; 
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unexamined; I found that they were either 
empty, or that the lobes and the plantule 
were vitiated ; that is to fay, criſp and 
withered, becauſe they were unripe. 

I reſerved the remainder of the ſeeds for 
another experiment to be made the following 
fpring. Before it can be aſſerted that frue- 


© _ tification has been complete, it is neceſſary, 


according to the determination of botaniſts 
not only that the ſeeds ſhould grow, but 
that they ſhould alſo be capable of bringing 
productive ſeeds, or, in other words, of per- 
petuating the ſpecies. That I might leam 
whether the ſeeds of my three gourds enjoyed 
this prerogative, I cauſed ſome of them to 
be planted in the ſame place in May 1778, 
and when they were grown to ſome ſize, 
they were, as in the foregoing experiment, 
carefully ſtripped of all their male flowers, 
one female flower only being left upon each 
individual. Theſe flowers were furniſhed 
with ſmall gourds, which grew ripe towards 
the beginning of autumn, and the ſeeds they 
produced grew juſt as well as the former; 
nor can I doubt that they would have 
brought forth fruit juſt as well, if I had 
ehoſen to try them. 
From theſe facts it appears, that the gourd 


with _ form fruit does not agree = 
a 
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baſil in the circumſtances attending genera- 
tion. The ſeeds of baſil, to be productive, 
muſt be impregnated by the pollen, but the 
ſeeds of this gourd propagate the ſpecies 
without ſuch help. The things which I have 
related furniſh the moſt certain and unequi- 
vocal proofs of this aſſertion. It is im- 
poſſible to ſuſpect, that the powder of the 
male flowers, growing upon the ſame plant 
with the female flowers, had any ſhare in 
producing this effect, becauſe I deſtroyed 
them long before it. was ripe. Nor can it 


| reaſonably be preſumed, that any pollen was 


carried by the air to the ſpot from places at a 
diſtance. I purpoſely choſe Scandiano (xx); 
as there was not a gourd of this ſpecies any 
where in the neighbourhood. We muſt 
therefore of neceſſity conclude, that neither 
the embryos of this plant, nor its fructifica- 
tion, depend upon the powder of the ſta 
mina. 

xx11, I now come to the other ſpecies of 
gourd, the ſecond plant, with male and fe- 
male flowers growing ſeparately on the ſame 
individual of which I propoſed to treat (xx). 
One root of this ſpecies was planted late in 
the ſpring of 1779, in the fame garden 
which the two preceding years had produced 
the gourd with ſhield-form fruit. The pre- 

VOL. 18. Aa Ck ſent 
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ſent plant was in like manner deprived of al 
its male buds, as ſoon as they began to ap- 
pear, and a few female flowers only were left 
for fructification, ſuppoſing it ſhould take 
place in theſe circumſtances. That this plant 
might be inſulated, and that no ſuſpicion 
might ariſe concerning the influence of ad- 
ventitious pollen, I took another precaution, EUA. 
which he who is aware of the delicacy re belli 
quiſite in ſuch experiments will not regard ul 
unneceſſary. My precaution conſifted in en- * 
cloſing, in large bottles of glaſs, thok 
branches of which the female flowers were 

about to open, and fo to lute the necks with porn 
thick cement, as to prevent the paſſage d 
the external air, which is thought by mam po. 
to be the vehicle of the fecundating powder, br a 
into the bottles. This contrivance eaſed i n 
mind of another apprehenſion. Some botz- 
niſts pretend, that the fecundation of ſeven 
plants is effected by means of inſects. Ac. 
cording to them, bees and other winged in- 
ſets of the ſame kind, by creeping in Dot 
flowers to fuck the honey, or extra& the way, 
are apt to bruſh away the duſt of the ſtamina, 
and to convey it on their bodies, from flow! 
to flower; in this manner, ſay they, ar 
plants frequently impregnated. The cin 
ſtances of artificial fecundation, which wil 
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he hereaftet mentioned, incline me to admit 
this ſuppoſition. The diſpoſition of the 
bottles in the manner above deſcribed, not 

only precludes all ſuſpicion of pollen being 
conveyed to the female flowers by the air, 
but it likewiſe hinders the accefs of inſects, - 
Two female flowers about to expand, were 
guarded in this manner by bottles with wide 
bellies; but the bloſſoms, as well as the 
young gourds belonging to them, came to 
nothing. The cauſe of this failure was the 
perſpirable matter iſſuing from the two en- 
cloſed branches: it collected at firſt in the 
form of dew of je the infide of the bottles, 


and afterwards ran down in little ſtreams 
any upon the flowers; hence they periſhed in 
der, hree days. But the unſucceſsful termina- 


tion of this trial did not cauſe me to abandon 


* my purſuit; it only taught me how to enſure 
era] ſucceſs. I had only, as appeared from the 
Ab- vent of this experiment, to prevent the 


flowers from reſting upon the fide of the 
ano dottle. I therefore contrived to ſuſpend 
hem in the middle, ſo that they might be 
ing only Juſt as much moiſtened by the perſpirable 
well eter, as would be ſufficient to keep them 
un a ſtate of vigour. In this manner two 
' {female flowers were encloſed for eleven 
days; that is to ſay, from the time they were 
Aaz about. 


In the interval the fruit had grown a little, 


reaſon to hope, that thoſe on which I wa 


taken from each pumpkin, of which eighty- 


ſeventeen ſeeds of the other pumpkin proved 


J planted the ſeeds of the preſent ſpecies in 
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about to expand, till they were withered, 


Having thus eaſed my mind of fear, leſt any 
unperceived pollen ſhould have been conveyed 
to them at this moſt critical period, I re- 
moved the bottles on the twelfth day, and 
expoſed the fruit to the open air till it grey 
ripe, which happened about the eighth of 
September. They both ſeemed perfect; and 
all the inſide of the ſeeds was occupied by 
the lobes and plantule. The growth of the 
ſeeds of the former ſpecies gave me ſome 


employed would produce plants; and ſo it 
really happened: I planted an hundred, fifty 


nine were productive, and conſequently 
eleven failed: the cauſe of their ſterility was 
the ſame as in a former experiment (in which 


unproductive (xx1). The plantule or the 
lobes laboured under ſome vice of organiza- 
tion; a circumſtance by no means ſurprizing, 


ſince it is alſo obſerved in the ſeeds of the} 


ſame plants, when left to the care of Nature. 


1780, as I had before ſowed thoſe of the 
former in 1778; in both caſes the reſults te- 
"op lative 
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lative to fructification were exactly alike. It 
was therefore reaſonable to conclude, that 
fructification in this plant does not, in the 


ſmalleſt degree, depend on the one of the 
ſtamina. 
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GENERATION OF CERTAIN PLANTS PRO. 
DUCING MALE AND FEMALE INDIV1- 
VIDUALS, ON WHICH THE FECUNDAT- 


ING DUST WAS PREVENTED FROM EX. 


ERTING ITS INFLUENCE, VIZ. CANNA- 


BIS SATIVA, HEMP; SPINACIA OLE 


RACEA, SPINACH, MERCURIALIS AN. 
NUA, ANNUAL MERCURY. 


XXIII. ANNABIS Sativa, hemp, 
During my reſidence at Scan- 
diano, in the ſummer of 1767, 
I obſerved two phznomena, which deeply 


engaged my attention, The firſt took place 


upon a ſtalk of hemp, that ſprung up ſpon- 
taneouily in my garden. It was ſtrong and 
tall, and on all ſides ſurrounded by a wood of 
branches. It produced a great number of 
ſeeds, which, in all appearance were per- 
fectly formed. I found, by experiment, that 
they were productive, notwithſtanding it was 
the only plant in the garden which is very 
large, and no male plants grew within a con- 
fiderable diſtance, Prejudiced as J was in 

favour 
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favour of the univerſally received ſexual ſy- | 


tem, I felt ſome flight ſuſpicions ariſe in my 
mind from this obſervation ; I could not re- 
frain from mentioning it as a ſingular occur- 


rence to ſeveral friends, and among others to 


the celebrated naturaliſt Campi Somaſco. I 
however at that time thought, that the phæ- 
nomenon might be explained, from the ſup- 
poſition of pollen conveyed by the wind from 
the hemp-yards, with which the marquiſate 


of Scandiano abounds---more eſpecially as I 


was aware of the great plenty of this powder, 
which riſes in a thick cloud, when the plant 
is ſhaken. I imagined alſo, that from the 
greater abundance of pollen afforded by the. 
male hop (a), the favourers of the ſexual 
ſyſtem, might account for the fructification 


of female plants diſcovered in Places where 


there are no males. 

xx1v. The ſecond phznomenon which I 
obſerved the ſame year, was the following. 
The inhabitants of- the territory of Reggio 
and Modena, eradicate all the male indivi- 
duals from the hemp-yards, about the ſecond 
or third of Auguſt, and leave the females till 


the end of September. In a ſeaſon favour- 


able to vegetation, the females continue to 


grow above a month, and to produce new 


(a) Humulus Lupulus. Linn. £ | 
Aa 4 branches. 
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branches. Upon theſe branches ſpring 
flower-buds, which in time expand and bear 
feeds. Of ſuch' female individuals I ſaw, 


for the firſt time, great numbers growing on 


the 8th of September, 1767; that is, thirty. 
fix days after the male plants had been pulled, 
as I was aſſured by a perfon of credit. [ 
fixed my attention chiefly upon the late 
branches, on which as yet the firſt rudiments 
of the cloſed flowers ſcarce began to appear: 
I moreover tied a thread looſely round them, 
that I might try whether the ſeeds, if any 
ſhould be produced, would arrive at perfec- 
tion. This actually happened, as their 
ſhooting ſoon after I ſowed them in October 


 irrefragably proved. This ſecond phænome- 
non gave riſe to ſerious reffections, as I could 


not poſſibly at firſt comprehend how the pol- 


len could have fecundated theſe female 


flowers, which made their appearance upon 


the branches ſo long after the remoyal of the 
male plants. After a little conſideration, I 
perceived that the advocates of the ſexes 
might find ſomewhat to adduce in their de- 
fence. Notwithſtanding the want of male 
flowers, it might be ſaid, the pollen which 
had been ſhed in ſuch abundance, may float 
in the air ſurrounding the individuals of the 
ener lex, | 


i 


XXV. 


at 
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xxv. Eight years afterwards, in 1775, a 

Memoir appeared in Rozier's Journal on the 
fecundation, of plants, the tenour of which 
perfectly agrees with my obſervations 'on . 
hemp. The ſubſtance of this memoir, as 
far as it relates to our preſent enquiry, 1s the » 
following, The author reared a female ſtalk 
of hemp in a pot at Paris, which produced, 
at the uſual time, ſeeds of the common ſize, 
conſiſting of two well nouriſhed lobes with 
plantule or germ. When the ſeeds. were 
planted, they all without exception germi- 
nated, and grew up in a ſhort time. The 
plant had not been covered by any thing; it 
ſtood upan a window level with the ground, 
at a great diſtance from other plants of the 
ſame ſpecies. The maker of this experi- 
ment does not pretend, that. it entirely ex- 
cludes all ſuſpicion of the fecundating duſt, 
but only that the acceſs of it is highly im- 
probable; he exhorts naturaliſts to repeat 
and improve his experiment. The author of 
the Memoir does not make himſelf known 
any otherwiſe, than by the initials M. F. de B. 
which ſeveral have ſuſpected to defign the 
celebrated Mr. Fougeroux de Bondaroi, of 
the Academy of Sciences, nephew to the il- 
luſtrious Duhamel. However this may be, 
it appeared to me when I read the account, 


that 


. i 


* 
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that this delicate experiment had not been 


conducted with fo much attention and ſuch 


precautions, as to produce conviction in the 
mind of the reader (a). 
Tm XVI. 


(a) Having communicated in a letter, written Sept. 18, 
1777, to my illuſtrious friend Mr. Bonnet, ſome reſults relative 


to the fecundation of plants, I received a very polite reply, 


dated Nov. 29, the ſame year. Among other things he men. 
tioned this Memoir, ſuppoſing I had never ſeen it. It was his 
opinion, that the obſervation of the French Naturaliſt, whom 
he preſumes to be Mr. Fougeroux, is not ſufficiently deciſive 
to exclude the fecundating powder. He was induced, by his 
reſpe& to truth, to make ſome ſtrictures on different paſſages 
of this Memoir; which, as they are connected with my ob- 


ſervations on generation, it will be proper to tranſcribe, 


«© Various indadvertencies and miſtakes have been committed 
by M. F. which might be overpaſſed in an author of inferior 
reputation. I ſhall point them out from a ſhort account I gave 
to another correſpondent. The propoſitions diſtinguiſhed by 
Italics are the words of M. F. 

« We are not ſure, that the inn exiſts before impregnation 


in the egg, and we muſt conſequently be ignorant » whether the 
plant exiſts in the feed before fecundation. 


% The learned naturaliſt ought, I think, to have expreſſed 


' himſelf very differently after the fine diſcovery of Haller, of 


the -pre-exiſtence of the chicken, after your's of the pre-ex- 
iſtence of the tadpole, and Mr. Muller's and my obſervations 


on the pods of peaſe. Palingen, T. 1. p. 416. In my eſſay 


on the fecundation of plants, printed in Rozier's Journal, for 
OR. 1774, I had brought to the reader's recollection theſe ſe- 
veral diſcoveries on vegetables and animals, as ſtrongly tending 


to eſtabliſh the great probability of the pre-exiſtence of the 


germ; and M. F.*s Memoir evidently refers to mine. 
« But is fecundation, by means of pollen, neceſſary in all 
plants 5 "Have none their parts of generation canccaud, lite the 


lice "ny plants ( * ? 
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xxv1. In relating my : ſubſequent experi- 5 
ments on * generation of plants, FE ſhall 


. | give 


40 The parts of generation in the lice of plants ara not con- 


gealed. On the contrary they are quite obvious. I dwell pretty 
largely on the amours of theſe inſets in my [n/e&elog pub- 


liſhed in 1745. I there deſcribe at length their genital organs. 
« Laying afide all fyſtematical ideas, I abide by fad: and 


obſervations, and follow a celebrated guide, M. Duhamel, who, 


before me, has OC Facts and rations » Without ven- 
turing to decide. 


« [t is doubtleſs commendable to abide in phyfics by fads 


and ob/eryations., But found logic more than barely allows us 
to deduce the moſt immediate and direct conſequences, as I 
have endeavoured to do in my works, and -in the eſſay which 
Mr. F. ſeems to have held in view. He expreſſes his intention 


to take Mr. Duhamel for his guide. But the fine diſcoveries - 


of Haller, Spallanzani, &c. were unknown to Mr. Duhamel 
when he compoſed: his excellent Natural' Hiſtory of Trees, 
which was publiſhed in 1758. Mr. F. who publiſhed his Me- 


moir in 1775, was naturally called upon to weigh the conſe. 


quences reſulting from theſe diſcoveries, and to avail himſelf 
of the analogical deductions drawn by me reſpecting vegetables. 


This, however, he has not N and I cannot but be ſur⸗ 


* at ĩt. | * 


boſe who ſuppoſe the plant to exiſt in the feed before f. 


eundation, confider the pollen as conſiſting of a number of ſheathg 


and caſes, of which each contains a number of ſeeds 828 bs ina 


thin liquor. 


% Some naturaliſts, as 3 have conſidered the pow= 
der of the ſtamina i in this light, but they do not allow zhe plants 7 


exiſeuce in the ſeed Before fecundation. Mr. Needham who ſo 
well explained the compoſition of the pollen, believed the germ 


to be in the pollen itſelf, Mr. F. has therefore expreſſed himſelf 


very incorrectly; but when he immediately afterwards ſubjoins, 


the plant, according to this opinion, exifts before fecundation in 


the powder of the famina, he 2 1 the moſt glaring con- 
tradiction. 
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. fecundation of plants, ſought to apply irritability to the fecun- 
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give an account of the means employed to 


prevent the acceſs of the pollen. Six ſmall 
55 18 ſtalks 


tradiction. Wat the plant exiſts in the ſeeds before fecundatim, 
is an hypotheſis which excludes the opinion, that the plant exif; 
before fecundation in the powder of the lamina. : 


% But here only human intellect is bewildered. How can wy, 
ing our reaſon, imagine the germs of all plants to be inclifed in 
fuch a germ. What an abyſs !” Let us quit this clue as lileh u 
miſſead US» . | f ; 

% What meaning has the word only in this place: It is pre. 
ciſely by the uſe of our reaſon which does not imagine, but 
conceive, that we perſuade ourſelves of the probability of tha 
hypotheſis, according to which germs are incloſed one within 
another, If M. F. had read my Memoir more attentively, 
and reflected longer on the ſubject, his mode of expreſſion 
would have been more philoſophical. Does it then belong to 
the imagination to decide concerning matters lying excluſively 
within the province of reaſon? Can the imagination repreſent 
to itſelf an animalcule many million of times ſmaller than a 
mite? Can it repreſent to itſelf a globule of light, ſeveral thou- 
ſands of which tall at once on the eye of ſuch an animal ? No; 
never will reaſoning or calculation overturn the hypotheſis of 
involution. Great and ſmall are merely relative terms; and 
we are acquainted with ſurprizing facts that lead us to this hy- 
potheſis. 9 | 

« According to Haller, irritability is the principle which con- 


| flitutes animality and produces life. The powder of the flamina 


exciting the irritability, and occaſioning the fluids to be inpell 
in the organized body; produces in the vegetable the ſame Fed. 
as the ſpermatic liquor in the animal germ. | x 
Haller did not admit irritability in vegetables. He could 
not therefore attribute to the powder of the ſtamina that /imu- 
lating property which he acknowledges in the ſpermatic Jiquor 


of the animal; and yet, from M. F.'s expreſſion, it would be 


ſuppoſed that he does. But it was I, who, in my eſſay on be 
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talks of hemp were tranſplanted from an 
hemp-yard into fix pots. As ſoon as they 
9750 eb OT bad 


dation of vegetables —not, however, till I had declared my 
ignorance of any fact which rigorouſly' proves the exiſtence of 
irritability in the vegetable kingdom. Upon this occafion, I 
threw out ſome logical reflections, calculated to. cauſe the ſuſ- 


= penſion of the reader's judgment. Let me be allowed to ob- 
5 ſerve, that no- author in natural hiſtory has been more careful 
0 diſtinguiſn conjectures from facts: but I do not believe that 
_ conjectures are unwarrantable. I have therefore confined my - 


bu elf to ſhew how. we may conceive the influence of irritability 
. in vegetables, ſuppoſing them to poſſeſs this property. M. F. 
hi read me too rapidly, and without reflecting ſufficiently upon 
10 my mode of arguing, Moreover, the irritability. of plants 
which I did but conjecture to exiſt, ſeems to have been well ob- 
\ WT frved by the celebrated Gmelin in ſome ſpecies; but I was 


+: unacquainted with his obſervations in September 1774, when 
v5 I was compoſing my eſſay. That author, in his Diſſertation 


on. BY tamina, appeared to him irritable, or at leaſt endowed with a 
No: ert nearly approaching to the property of animals called irri- 
tability. He adduces many inſtances exceedingly remarkable, 
and, among others, that of the orchis. 7 he anizere of this 
by- plant, he obſerves, recently gathered, and irritated in a warm 
place, appeared te contra, and then to relax, and to undergo a 
% of tremulation. He adds, that he has frequently made the 
ina a © Per ment, and that 27 always ſucceeded. | 
alla BY According 1 Mr. Bonnet, the ſeminal fluid, in producing 
2 impregnation, effes only the evolution of what was already 
formed, | : 
ald ** This certainly is my opinion: but to ſay ſo much is ſaying 
inu-· nothing; for ſuch vague expreſſions do nor ſerve to diſtingoiſh 
my notions from thoſe of other naturaliſts who reject the doctrine 
I be of Epigeneſis, I have reaſon to preſume, that the worthy 
* M. F. has not ſtudied with any care the nature and the con- 


en, dien of my principles on generation. He was doubtleſs too 
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had attained a certain height, and the mals 
plants could be diſtinguiſhed from the fe- 
miles, the former, which were four in num- 
ber, were eradicated, and the two females 


only were preſerved. About twenty days 


before they began to flower they were carried 
into a room looking towards the ſouth, where 
they ſtood forty-two days. There were two 


windows in the room, which were always 


kept ſhut, as alſo was the door, except when 
I went in to water the plants. They thrived, 
notwithſtanding - their confinement, on ac- 
count of the rays of the ſun ſhining through 
the windows upon them ſeveral hours a day. 
Although this precaution ſeemed preferable 


to that of the French anonymous writer, 


who had placed his female plant upon a 


much prejudiced with the idea of generation being a myſtery 


not yet peaetrated by the ableſt naturaliſts. God forbid that [ 
mould have the preſumption to think that I have drawn aſide 
the curtain that covers the myſtery: I have only attempted to 
lift up a corner of this curtain. 

„MHM hen we read the opinions of moſt naturaliffs, do we nit 
incline to believe, that each, out of affection to his own ideas, 
flatters himſelf that he has divined the ſecret of Nature! 

I muſt conſeſs that there are phy ſiologiſts and natural hiſ- 
torians who deſerve this reproach ; but there are others who do 


not deſerye it; and M. F. ought to have excepted them. You 


have read me, and, what is more, have ſtudied me. You, 
therefore, know whether l have ever propoſed my notions as 2 


man, who flattered himſelf that be had divined the ſecret of 


Nature. 
f window, 
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window, it did not ſatisfy me. The pollen 


indeed ſuppoſed to be diſſeminated Wt gh 
the air at the flowering of the hemp-yards, ; 


could not very readily find its way into an 
apartment kept fo cloſely that, yet it cannot 
be aſſerted that its ingreſs was totally pre- 
vented; and yet it was of the utmoſt import- 


ance to hinder it, at leaſt, from coming in 


contact with the flowers. To attain this 
end effectually, when I brought the pots 
into the room IT immediately introduced two 
branches of my two plants, upon which 
ſome. buds were growing, into two glaſs 
bottles, with long necks and large bodies. 
The necks were perfectly cloſed with cement, 
without injuring the branches. By being 
perfectly cloſed I mean, that all communica- 
tion between the external airand the infide of 
the bottles was cut off, as was evident from 


the following decifive proof. Along with the 


branch of hemp, I inſerted, for about five 


inches, an open tube of glaſs, which was 
imbedded in the cement; the other end pro- 


jected four feet from the neck of each bottle, 


and was immerſed in a baſon of water to the 
depth of ſeveral inches; but I had firſt taken 
care to ſuck a portion of air out of the bottles. 
The water aſcended to the height of a foot 


and three quarters into the tube, at which it. 


conſtantly 
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conſtantly ſtood, being only ſubje& to ſuch 


variations as are obſerved in barometers, for 


the tube was now actually changed into one 


of thoſe inſtruments. The permanent ele. 
vation of the water in the tube was a certain 
ſign, that no external air found its way into 
the bottles: had a ſtream of air made its 
way through the cement, or any part of the 
bottle, it is obvious, that the water in the 


tube muſt have deſcended to the level of 


the baſon. I muſt own, indeed, that I was 
obliged to renew the experiment ſeveral times 
before I ſueceeded. With this apparatus! 
was certain that the external air, and con- 


ſequently that the pollen, which may be 
ſuppoſed to be diſperſed through it at the 
approaching flowering of the hemp- yards 


could find no acceſs to the confined 


branches. 


xxvII. But all theſe precautions ſeemed 
inſufficient to render the experiment quite 


_  unexceptionable. It was neceſſary, not only 


to remove all ſuſpicion of external pollen 
getting into the bottles, but likewiſe to 
watch whether any of this powder was pro- 
duced within. The botanical reader imme- 


diately comprehends the reaſon of my appre- 


henſion. It has been obſerved by Linnevs, 


e Duhamel, and others, that male 
9 flowers 


[| 


flowers are not very infrequently found upon 


female individuals: a 'root of ſpinach, of 


which I ſhall ſpeak below, furniſhed me 
with a remarkable inſtance z and the ſpecies 
nn queſtion is ſubject to the ſame accident, as 
I was informed by Mr. Bonnet, in a letter 
; 
E 


me notice of an experiment which he under- 


took upon hemp, after I had communicated 
mine to him; The paragraph to which 1 
u allude is the following: I began this year 
e fome experiments upon hemp. I have fol- 
I lowed the method which I employed for 
1- WH rearing the lice of plants in ſolitude. My 
be plants were covered with large tubes of glaſs, 
be hermetically ſealed at the top, and with the 
is, bottom ſunk in the earth. But fortune did 
el favour me inſtead of a female I had a 
male plant in one inſtance, and in another a 


el plant of great expectation, after putting forth 


ite many flowers with piſtils, produced ſome 
ah vith ſtamina, cloſe to the former, which 


len MW totally diſconcerted the experiment.” Tt 
to Mtherefore became me to watch diligently, 


ro- Whether any male flower was produced 
ne- among the females; I therefore carefully 


re- Neuamined twice a day, both with my naked 


vs, Neye and a glaſs, the confined branches, which 


nale vere as open to inſpection, as if they had 
Vor. II. B b been 


dated Auguſt 15, 1778. The letter gave 


_ ww 
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been growing in the open air. In the mean 
time, I did not neglect the other parts of my 
two plants. That the examination might be 
more certain, J ftripped off all the branches 


except | thoſe which were inſerted into the 


glaſſes, and took care to inſpect the ftems as 


_ » cloſely as the branches. But I can aſſure the 


reader, with the utmoſt confidence, that 
the flowers which ſucceſſively made their ap- 
pearance, both on the bare ſtems and 
branches, were all female without a ſingle 
exception. For the fake of perſpicuity, I 
will firſt deſcribe the trunks, and then the 
branches. The former began to put forth 
their flowers towards the end of Auguſt, at 
which time the hemp- yards were alſo in 
bloom. Notwithſtanding their conſtant con- 
finement, they produced ſeeds, and ripened 
them by the end of September. When [ 
compared theſe ſeeds with ſome which I 
gathered in the hemp-yards, I found that 
they were fmaller. Beſides the number ot 
ſeeds produced by the ſtems in the hemp- 
yards, were in like circumſtances conſiderably 
more numerous, than by the two ſtalks con- 
fined in my apartment. But notwithſtanding 
theſe differences, the ſeeds grew nearly as 
well in the apartment as thoſe which grew in 
the n air, as I found by ſowing ſeveral 
hundreds 
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hundreds of both ſorts. Such are the reſults 
afforded by the two ſtems. | * 
xXVIII. I am now to relate what happened 
to the two branches. The flowers, which 
nearly kept pace with thoſe of the trunks, 
were ſucceeded by ſeeds; towards the 20th of 
September they had acquired ſuch a ſize, as 
inclined me to think them ripe; I therefore 
reſolved to take the branches out of the 
bottles, and I found in fact, that more than 
an hundred were arrived at maturity; this 
was doubtleſs in ſome meaſure owing to their 


having received no moleſtation from the per- 


ſpirable matter, which was collected in large 
quantities in the belly of the bottles. By 
diſſecting ſome of the ripe ſeeds, and others 
that were more or leſs diſtant from this ſtate, 
I was enabled to make the following obſer- 
vations: When the parts ſurrounding the 
leaſt forward are removed, a greeniſh pyri- 
form body | preſents itſelf with two points 
like ſmall antennæ, which are the rudiments 
of the piſtils. In the pyriform body is con- 
tained a ſolid nucleus, ſemi-gelatinous, and 
conſiſting of an homogeneous ſubſtance. 
The nucleus in ſeeds further advanced, ex- 
hibits an excavation in the center, full of a 
liquid which, in ſeeds yet nearer maturity, 


is thicker ; and in this inſpiſſated matter may 


BY2  - be 
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be ſeen a white point, which is eaſily known 
to be the lobes and plantule. If ſeeds ſtil 
more advanced be analyſed, in opening of 
the lobes, which are bent into the ſhape of 
an arch, a cavity or depreſſion is obſerved, 
and in it are lodged two whitiſh dentated 
leaves, which are inſerted in the plantule, or 
rather ariſe from it. Theſe leaflets are larger 
in ripe ſeeds. Such were the appearances of 
the product of the branches; and ſeeds ga- 
thered in the hemp- yards furniſhed me with 


the ſame obſervations. Hence I was obliged | 


to infer, that Nature, in the production, or 

to ſpeak more properly, in the evolution of 

the ſeeds, had operated alike in the cloſed 
bottles, and in the open fields. 

I faid before, that the "2PE of the two 
confined ſtems were ſmaller and in lefs 
number, than of thoſe in the hemp-yards. 
I may now add, that the ſmall fize of the 
feeds that grew in the bottles was ſtill more 

remarkable, and that equal branches uſually 
produce twice the number. But I ſhall be 
aſked, did ſeeds ſo much ſmaller and leſs 
numerous grow when they were ſown. To 
this curious and important point all my en- 
quiries tended. Of a hundred and ſixteen 
ſeeds, which were all chat 0 to be ripe, 


one 
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ene half, viz. fifty-eight, wee: ſet in a pot, 
and they. all, except five, came up. | 
 xx1x. The reſult of another ene 
correſponded perfectly with the foregoing. 
Though a large quantity of pollen ariſes from 
the hemp- yards into the atmoſphere, at the 
ſeaſon of flowering, and is tranſported to no 
inconſiderable diſtance, it is reaſonable to 
ſuppoſe, that in the courſe of ſeveral months 
it muſt be loſt; for the rain and ſnow cannot 
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ail to carry it down to the ground, and free 
i WE the air from it: ſhould any continue to float I 
r WW in the atmoſphere, it will probably in time Wl 
i WH loſe its prolific virtue. This ſuppoſition, 0 
| which ſeems well founded, as will be more 


particularly ſhewn in the ſucceeding chapter, 

induced me to make ſome female plants of 

hemp blow before the hemp-yards were in 

; flower. With this view, I ſet at Pavia 

e twelve hemp-ſeeds in twelve pots, before the 

e middle of November; the ſeeds were ſome 

that remained of the product of the confined 

e branches (xxy111). Although the ſeaſon 

vas unfavourable to vegetation, eleven out 

o of the twelve germinated, and continued to 

- WW grow, though but ſlowly, the whole winter, 

n the pots having been removed into a warm 3 
e, %mm. When ſpring arrived, the windows 
1 WU were thrown open, and left fo till I had oc- 

Bb 3 caſion 
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cCaſion for the plants. Meanwhile they con- 
tinued to advance, and about the 2oth- of 
May, the male and female individuals could 
be diſtinguiſhed. The former were deſtroyed. 
The remaining females, four in number, 
were expoſed to the air and ſun on the outſide 
of a window. That I might examine with 
greater eaſe and certainty, whether any male 
bloſſoms were produced upon theſe. female 
plants, I cut away all the branches, and 
| preſerved only the ſtalks, as in the experi- 
ment related in the xxv1iith paragraph. But 
_ fortunately no flowers of this ſort ever ap- 
peared. Towards the end of May, flowers 
with piſtils began to appear, fix weeks before 
the flowering of the hemp-yards beyond the 


Po (for there is no hemp raiſed in the neigh- \ 


bourhood of Pavia) and conſequently before 
the diſſemination of the freſh pollen. About 
the 8th of June moſt of the ſeeds were ripe. 
They were quite as thick and large as upon 
the ſtems reared in the fields; I ſowed ſeveral 
hundreds, and moſt of them germinated. 
One immediate conſequence may be deduced 
from theſe variations of my experiment. 


The perfect fructification of hemp is entirely | 


independent of the action vr the en 
duſt. 


5 | * | Xxx, But 
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xxx. But: enough of the experiments on 
hemp. I proceed to ſpeak, but much af 


briefly, of ſpinach (Spinacia Oleracea). 


made ſeveral different trials with this Hi in 
the courſe of ſome years. 

In the firſt place, I tranſplanted in May 
ſeveral roots into my garden at Pavia. As 


ſoon as the different individuals could. be diſ- 


tinguiſhed, I deſtroyed the males. The fe- 
males, although they remained alone in the 
garden, produced plenty of ſeeds, - which, 
when ſown, germinated in great abundance. 
At the time of flowering, I watched with 
great care, whether any bloſſoms with ſtamina 
opened: my illuſtrious colleague and friend 
Counſellor Scopoli, alſo examined my ſpina- 
ches; but neither could that . expert botaniſt 
or myſelf perceive any. 

I next covered a plant of ſpinach with the 
receiver of an air-pump; the lower end was 
preſſed to ſome depth into the earth of the 
pot. Thus the communication between the 
external and the internal air was cut off, un- 


leſs the former may be ſuppoſed to have found 


its way into the receiver, through pores in 


the mould. I made uſe of this apparatus a 
tew days before the opening of the flowers ; 
but was obliged, in thirteen days, to remove 
the receiver, for the leaves began to wither, 

Bb 4 probably 
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probably on account of their - confinement, 
Several flowers with piſtils had in the mean 
time ſet, and the appearance of the ſeeds 
promiſed that they would do well; nor was J 
| deceived in my expectation, for they ripened 


perfectly, and when (own, came * in great 
abundance, 


'XXX1. In the Modaneſe and in the Mar- 
quiſate of Scandiano, the ſpinach raifed by 
the peop le of the country, is uſually in flower 
from the 2oth of May ta the middle of June, 
ſo that the ſeeds are commonly gathered at 
the beginning of July, I took advantage of 
this practice to procure piſtilliferous flowers, 
a long time after the bloſſoms with ſtamina 
had decayed. For this purpoſe, I ſowed 
ſome ſpinach towards the end of May; the 
female plants produced flowers with piſtils in 
| September, and many of the ſeeds came to 
maturity ; but many others were checked by 
the beginning coldneſs of the ſeaſon: but 
thoſe which grew ripe were ſown, and they 
germinated, Notwithſtanding, therefore, near 
fix weeks had elapſed fince the falling of the 
ſtaminiferous flowers in the fields and gardens, 
my ſeeds were productive. It is difficult to 
imagine, that the pollen could have been the 
cauſe of this fecundity ; and the rather, ſince 

e it is far from being in ſuch 
abundance, 
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abundance, as to be capable of diſſemination, . 
like that of hemp, far and wide through the 
air. My ſpinaches were, moreover, con- 
ſtantly kept in an apartment. | 

xxxX11, I nevertheleſs undertook another 
trial, which I believed would be deciſive. 
had ſeveral young ſpinaches tranſplanted 
into pots in Auguſt at Pavia, one into each 
pot. Great attention being paid to them, 
they grew before winter to a conſiderable 
height. And being kept in a warm room, 
they made ſome further- progreſs during the 
courſe of this ſeaſon; and before the end of 
March, the female plants, which were three 


a {Win number, began to put forth flower-buds | 
i ith piſtils. But here an accident, which 
6 $not very uncommon, and to which I have 
n Already adverted (xxvi1), occurred. In one 
o f my daily viſits to my three plants, I per- 
eived upon one individual an unexpected 


onjunction of male and female flowers, grow= 
ng cloſe together, and forming very elegant | 
groups. 

The bloſſoms with piſtils were very conſpi- 
puous, but thoſe with ſtamina were ſo little 
dranced, that they could not be diſtinguiſhed 
dy the naked eye. Both ſorts appeared to be 
qually numerous, but the union extended 
nly to two branches -all the reſt bore fe- 
male 
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male bloſſoms only. I may here zncidentall nei, 
| remark, that the great abundance of the To 

male flowers, in the preſent caſe, is a ver ¶ ty 
ſingular phznomenon. 1 have read in bota- ¶ hur 
nical writers, that a few male flowers are pro. 
ſometimes found in company with females, M two 
but never that they amount to an equal I aſte 
number, a circumſtance that excited my ad- pro 
miration with reſpect to this individual; for ¶ not 
TI counted two hundred and ſeventy-five male N wer 
buds. This unforeſeen accident determined a 
me to extirpate the plant. I conſider it u mal 
very fortunate, that I obſerved it in time, 
while the male bloſſoms were yet in a ver 


nua 
immature ſtate, and conſequently before the fror 
pollen could yet have produced any effect. ¶ gve 


Having thus freed myſelf from the trouble mar 
of watching this extraordinary individual, I (., 
continued to obſerve the two others; they beg 
produced only bloſſoms with piſtils, April cy1t 
Pas the ſeaſon of the maturity of theſe bloſ-· fem 
ſoms, which is generally eſtimated by their 
aptitude to be fecundated: it was earlier by 
thirty-five days, than the uſual flowering 0 
this plant in the environs of Pavia. Before 
the end of May, the ſeeds of my two plant 
were almoſt all ripe. Every branch an 
every twig was loaded,. and they were 0 
_ lize 1 the ſeeds produced in tht 
neighbouring 


— 
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neighbouring gardens the preceding year. 
To complete the experiment, it remained to 
try whether they would germinate. Of a 
hundred and fifty, choſen among the whole 
product as the fineſt, a hundred and thirty- 
two came up; and of a hundred, which I 
afterwards ſowed, ninety- three grew. . Theſe 
proofs obliged me to conclude, that the ſeeds, 
notwithſtanding the privation of the pollen, 
were productive. W 
xxx111. The next and laſt plant producing 
male and female individuals, which I men- 
tioned, is annual mercury (mercurialis an- 
ma). Five very ſmall plants were removed 


five pots. They were managed in the ſame 
manner as the ſpinach during the winter 
(xxx11), and were all fo far advanced at the 
beginning of ſpring, that there was no diffi- 
culty in diſtinguiſhing the males from the 
females ; of the latter there were three, and 
theſe alone were preſerved. By the 24th of 
March bloſſoms with piſtils appeared upon 
ſeyeral branches, growing out of the axillæ 
[of the leaves, and in a few days more the 
number was exceedingly increaſed. They 
were borne upon ſhort flower-ſtalks, and, as 
uſual, conſiſted of two ſmall ſeeds reſembling 
teſticles. They were of a green colour and 

| 2 8 hairy. 


from a garden, on the 22d of Auguſt, into 
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hairy. But here the event was juſt contrary 
to what happened in hemp and ſpinach. 
The greater part of the bloſſoms dropped 
prematurely; of the few that remained the 
ſeeds grew for ſome time, but fell before they 
were ripe, and when ſown, they did not 
ſpring. As this took place before the male 
plants in the gardens and the fields about 
Pavia were in flower, I began to ſuppoſe 
mercury to be one of thoſe numerous vege. 
tables, which cannot propagate the ſpecies 
without the powder of the ſtamina. Mean. 
while my three plants continued to put forth 
new branches, and the old. ones, inſtead of 
withering, vegetated with great vigour; but 
ſtill the ſeeds dropped prematurely. This 
gradual evolution and production of freſh 
branches, was of ſuch long continuance, 
that they ſhewed no tendency to decay, but 
were producing bloſſoms with piſtils when 
the mercury in the fields was in flower. I 
therefore began to entertain hopes, that the 
| ſeeds now put forth, and thoſe which ſhould 
follow, would ſucceed better than the earlier 
ſeeds, more eſpecially as the pots were ex- 
poſed to the open air upon a window, and 
| looked into a garden, in which grew ſeveril 
male individuals of this ſpecies, But my 


— were „„ as long 1 
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the three plants continued to thrive, the feeds 
dropped almoſt as ſoon as they appeared; nor 
did one of thoſe that were ſown ever come up. 


: | repeated the experiment two ſucceeding 
ears with the ſame event. 


xxx1v. It therefore became neceſſary to 
ary the mode of conducting it. Being more 
onfirmed in my ſuſpicion, that the ſterility 
aroſe from want of pollen, which, though it 
as at no great diſtance, did not reach my 
plants, I determined to bring it nearer; 


lifferent ſexes in the ſame place. Two male 
plants of mercury, reared the next year in 
wo pots, were placed on the outſide of a 
indow, and two females growing likewiſe 
n pots, were ſet on the outſide of another 
indow. Both windows belonged to one 


* dom, and had the ſame aſpect. The four 
hen Pots of mercury were nearly of the ſame 
I ee, and of the fame ſize. And I waited 
the ith great anxiety to ſee whether the females, 
ous account of their vicinity, would be im- 


repnated by the males. The ſeeds were 
Hasſtantly falling, but not in ſuch abundance 


EX ; l 

and in the former experiment, when the males 

venll ere at a much greater diſtance (xxx111), 
my hoſe which adhered went on thriving, and 


emed as if they would eigen and they did 


accordingly 


ithout, however, ſetting individuals of the 
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accordingly arrive at maturity, and, what is poll 
of more conſequence, were productive; for ent. 
ſoon after I had ſown them in a pot, I had duc 
the pleaſure of ſeeing them ſpring. It there- Ml thei 
fore appeared probable, that the vicinity of N 
the males to the females had been inſtrumen- that 
tal in occaſioning fecundation : their in- be { 
fluence could ſcarce be derived from any tity 
ſource, beſides the action of the contiguous II fide: 
pollen. 1 1 ſeve 
xxxv. This experiment obviouſly required ther 
another: it was proper to bring the different I full, 
individuals nearer to each other; I accord- I 
ingly placed two males and two females upon ¶ vatic 
the ſame window. It now became manifeſt, MW infor 
how much influence the approximation of the W preg 
two ſexes has upon fecundation. The two WM grow 
females retained almoſt all the ſeeds which WM (xxx 
were produced at this time, exceeding an quire 
hundred. The ſeeds grew perfectly ripe, and ſeeds 
when put into the ground, were unfolded! into anal 
as many plants. leeds 
- XxxV1., The females having even branches are | 
in vigour, and ſtill continuing to vegetate, ſubſt. 
an experiment, the reverſe of the two pre-I or lol 
ceding, ſuggeſted itſelf to me. I removed 
the pots in which the male plants grew into 
another chamber. This ſeparation ſerved 


further to corroborate the neceſſity of tho 
pollen 
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pollen in mercury; for in conſequenee of its 
entire removal, all the ſeeds afterwards pro- 
duced, by the growing branches fell before 


their time, and were unproductive. 


Moreover, it is by no means ſurprizing 
that females, at a diſtance from males, ſhould' 

be ſterile. The pollen is in too ſmall a quan- 

tity to be widely diſſeminated. The incon- 

iderable quantity which was afforded by 

ſeveral male plants, at a time when the an- 


ther, viewed by the microſcope, appeared 
full, gave me ample proof of. its ſcarcity. 


pregnated ſeeds wither and drop, while a few 


ſeeds, which fall ſoon after the flowering, 

hes are full of an homogeneous and gelatinous 
ate, ſubſtance, and afford no veſtige of plantule 
pre- or lobes. But impregnated ſeeds, examined 
at the ſame period, that is to ſay, a little 
after the ſeaſon of flowering, exhibited the 
lame appearances. Many days elapſed be- 
fore the lobes and the plantule could he dif. 
eerned, 


[ ſhall make upon mercury another obſer- 
vation, very neceſſary to be known. I have 
informed the reader, -that moſt of the unim- 


grow to ſome fize, but are not productive 
(XXIII). The ſcope of my reſearches re- 
an quired that I ſhould examine, whether theſe 
indi feeds conſiſt of lobes and a plantule. By 
nto analyſing them repeatedly, I found that the 


Ie 
. 1 
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cerned, an obſervation that is not confined | 


to mercury, but extends to every plant hi- 
therto examined by me. In thoſe ſeeds 
which made a tolerable progreſs in their 
growth before they fell, appearances were 
very different. They firſt became full of an 
almoſt fluid whitiſh matter, which was gra- 
dually inſpiſſated; and in the midſt of this 


matter, after ſome time, might be ſeen 2 


little body, ſo ſoft as to adhere to the finger 
when it was touched ; but it afterwards made 
ſome reſiſtance to the touch, and now evi- 
dently appeared to be the lobes and plantule; 
which parts grew more conſpicuous and diſ- 
tin& as the ſeeds advanced. The plantule 
had the ſhape of a cone, dilated towards the 
baſe into two flat circular bodies, which were 
the lobes. The ſame was alſo the figure of 
the lobes and pale . in W 
ſeeds. | 


CHAP, 
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r V. 

RECAPITULATION OF THE PRINCIPAL 
CONSEQUENCES OF THE FACTS RELAT= 

" ED IN THE FOUR PRECEDING. CHAP> 
TERS. "5 | 


REFLECTIONS. 


XXXVII. ALL: theſe facts convey, in my 
opinion, inſtruction ſuffi- 
cient to ferve as a foundation for ſpeculating | 
on the mode obſerved by Nature in the gene- 
ration of plants. If we inſpect the ovaria 
before fecundation, we find the feeds ex- 
ternally ſolid: they continue in this ſtate for 
ſome time after fecundation. They after- 
wards became hollow within; in the cavity 
appears a ſmall body, not diſtinguiſhable at 
firſt, but afterwards known to be the embryo 
or the plantule with the lobes. The embryo 
ſometimes ſeems detached from the ſeeds, and 
floating in a liquid, and ſometimes is attached 
o them by one or more connecting threads 
II, III, IV, v, VI, VII, — Ix, wed .. 
P. Wir, x11, XXXV1). RR 
vol. 1. C c | 2: A > 
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As theſe facts ſeemed favourable to the 
opinion of thoſe, who ſuppoſe the embryoy 
of plants to pre- exiſt in the powder of the 
antheræ, and thence to paſs into the ſeeds, 
which therefore do not contain an embryo 
before fecundation, I was led to turn my re- 
ſearches towards the powder. I examined it 
with the microſcope, but could not by any 
means find that the embryos, or any beings 
analogous to them, are lodged in it (xv), 


Hence I proceeded to the expedient of n 1 
terrogating Nature in another manner: I en-W thel 
deavoured to prevent the acceſs of the im- app 
pregnating duſt to the ovaria, ſuppoſing that len, 
ſuch means would furniſh the clue to th gro- 
abſtruſe myſtery. Three deſcriptions of plant no 0 
were ſubmitted to experiment; hermaphro-W| occ: 
dites; thoſe which bear ſeparately upon the wan 
fame individual, male and female flowers in ; 
and, laſtly, thoſe which produce both mal furt 
and female individuals. The antherz of do 
the firſt were cut away before the ripening ol they 
the pollen; in the ſecond the male flower Anc 
were extirpated, and the female individual as t. 
of the third were inſulated. In the herma they 
phrodite plants it appeared, that the privationMf riun 
of the pollen does not prevent the appearanll s 
of the embryo in the ſeeds, though the (eca_l have 

. are. incapable of germinating ; in ſome plan forn 


” han 
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the abſence of the pollen neither hinders the 
embryos from appearing, nor the ſeeds from 
being productive; the fame obſervation is to 
be applied to ſeveral plants with female indi- 
viduals ; but in other plants of the ſame claſs, - 
the want of pollen renders the ſeeds ſterile, 
though the embryo appears in them, (xv111, 
XIX, XX, xxl, XXII. XXVI, XXVII, XXVI11, 
XXIX, xxx, XRXI, XXXII, XXXIII, xxxlv, 
XXV, XXXVI). 1 

The direct and immediate cenfeliuence of 
hel reſults is obvious: for if the embryo 
appears without the co-operation of the pol- 
len, and if befides, in many caſes, the ſeeds 
grow, it is clear that their exiſtence can have 
no dependance on the pollen ; and upon thoſe 
occaſions on which the ſeeds do not grow for 
want of it, we can only ſay, that they ſtand 
in need of the condition requiſite for their 


further evolution, as the fetuſes of animals 


do not thrive for want of ſeed, although 
they pre-exift in the ovarium of the female. 
Another conſequence not leſs evident is, that 
as the embryos do not belong to the pollen, 
they muſt Gy" * to the ova- 
rium. é 
Some natümliks, of no vulgar reputation, 
have ſuppoſed, that the embryos of plants are 
formed by two principles, one contributed 
Cc 2 by 
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by the powder of the ſtamina, the other by 
the piſtils. But my obſervations, which 
prove that the embryo has nodependance upon 
the pollen, clearly e the n of this 
ſuppoſition. 
xxxVIII. But the embryo, which L FR 
ſhewn to belong excluſively to the ovarium, 
may be conceived to belong to it in two 
ways. It may be formed of matter furniſhed 
by the parent plant, or it may pre- exiſt, 
Now, vhich of theſe ways are we to admit? 


An Epigeneſiſt, a Count Buffon, accuſtomed 


to view Nature under an angle proportional 
to his favourite ideas, would not probably 
heſitate, if the facts obſerved by me had 
paſſed under his inſpection, to embrace the 
former opinion. The embryo, not being at 
firſt viſible in the cavity of the ſeeds, but 
appearing afterwards in the form of a gelati- 
nous point, without any determinate ſhape, 


floating beſides, in a liquid without any per- 


ceptible connection with the ſeeds, continu- 
ing to grow and becoming organized in it--- 
Theſe arguments would no doubt be ſufficient 
to lead that famous naturaliſt into the belief 


of the embryo's formation in the ſeed; he 


would perhaps alſo believe, that it is formed 


of the liquor in which it floats. But if we 


lay aſide all . in _— of any ſect, 
and 
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ind apply the ſtrict principles of logic, we 
ſhall find theſe arguments inadequate. In 
the firſt place, that a liquor, or any othet 
inorganic ſubſtance, ſhould nouriſh and 2 
mote the growth of an organized body, 1s 
propoſition eaſily conceived, and is oecd 
proved, by daily obſervations on ourſelves, 
on animals, and plants. But it is not ſo 
eafy to conceive, that an inorganic and 
ſhapeleſs body, whether liquid or folid, can 
be organized by mechanical laws only: and 
with all his eloquence, and by all tn 
efforts, the naturaliſt above- mentioned has 
never ſhewn, that one animal, or one vege- 
table, even among thoſe that appear the leaſt 
perfect, and the leaſt organized, owes its 
origin to a mechanical oppoſition of parts. 
i- Secondly, though the embryo does not ap- 
e, pear to be organized, this is by no means a 
dure proof that it is not. During the firſt 
u- hours of incubation, the organization of the 
chicken is not perceptible; and yet we cannot 
doubt that it is orgazined, if it can be proved 
to exiſt before fecundation. Now Haller 
has given the proof of this with reſpect to 
the chicken; and I have given it with reſpect 
to newts, frogs, and toads. It is therefore 
beyond all doubt, that theſe amphibious ani- 
mals are organized before fecundation. But 
S 3 their 
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their organization 1s not then apparent; mere 
appearances: would lead us to ſuppoſe them 
formleſs bodies; for we ſee nothing but 
ſpherules, conſiſting of a cover or ſkin filled 
with a ſemifluid matter. The ſame ſeem. 
ingly inorganic ſtructure continues for ſome. 
time after fecundation. The embryos. of 
plants, then, may alſo be organized, although 
they do not appear to be ſo; and I have cer. 
tain proofs that this organization, though not 
at firſt apparent, is actually preſent. When 
I opened the ſeeds at the time the gelatinous 
point began to appear in the midſt of the li- 
quid, and examined it without uſing any 
method of preparation, I could diſcover 
nothing, that had the appearance of being 
organized; I ſaw neither lobes nor plantule, 
nothing in ſhort but a mucilaginous particle. 
But if I firſt boiled the ſeeds, this point oftener 
than once put on a different aſpect. It was 
not only no longer gelatinous, but when 1 
turned it about, and preſſed it gently with 
the point of a needle, it would ſometimes 
ſplit into two exceedingly minute pieces, in 
the middle of which was implanted a pointed 
atom: it was not very difficult to- diſcover 
that theſe parts were the lobes and plantule, 
as was {till more manifeſt when a microſcope 
of great magnifying power was _— 

; | This 
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This point, therefore, proved to be organized 
at a time when it was not ſuſpected; nor is 
this the firſt occaſion, on which the action of 


| fire has been uſed as a convenient method of 


aſcertaining the organization of a body which 
had no ſuch appearance. It is well known 
to the cultivators of Natural Hiſtory, that 
the worms generated by thoſe winged inſects, 
uſually called carrion flies, after having ac- 
quired, by feeding on putrefied fleſh, a proper 
ſize, are formed into an elongated bowl, in 
which the fly is gradually elaborated ; or, to 
ſpeak more properly, unfolded. If theſe 
bowls be opened a few days after they are 
formed, no lineaments of a fly preſent them- 
ſclves to the ſight ; we find only a kind of 
pap, wiiqutany ſign of organization. But 
the ſcene, changes, if the bowls be boiled 
at different periods; on the third day the 
legs are viſible, "on the fourth the wings, 
loon afterwards the proboſcis, and laſtly 
the animal perfectly formed. Theſe obſer- 
vations were firſt made by Reaumur, and in 
oY paſt T have amuſed myſelf with I 
them. 

But the application of heat made me ac- 
quainted with another truth. By boiling I 
diſcovered the point, or the embryo, ſome 
days before it uſually appears. I have not 

CCc4 ſeen 
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ſeen it indeed in ſeeds, containing a liquor in 
which the embryo floats, but in ſome of thoſe 
in which the liquor coagulates and is inſpiſ- 
ſated. Several ſeeds were taken from the 
ſame ovarium, and ſome of them were boiled 
for a few inſtants, and the reſt left to them- 
ſelves, | In the latter I could not diſcern the ten 
embryo, but it was plainly to be diſtinguiſhed W fta 
in the former. The difference ariſes from the wh 
conſolidation of the particle, or the embryo, Wl <0! 
by the boiling water; in the other ſeeds it did WM en 
not ſtrike the ſight, on account of its tranſpa- IS 
rency and fluidity. . ki 
- xxx1x. I come to the objection derived tio 
from the inſulation of the embryo in the br 
_ ſeeds; from this circumſtance it might be in! 
ſuppoſed to have no dependance upon them, ot. 
and conſequently to originate ffom the liquor Wl «ic 
in which it floats. The embryo certainly, ba 
in ſome caſes, ſeemed to ſwim at liberty in me 
the liquor, nor could I diſcover any connection is 
with the ſeeds, but on other occafions I ma- ex 
nifeſtly diſcovered the connecting medium, eit 
as in the common bean, the radiſh, and the Wl pa 
Syrian ſhrubby mallow; it conſiſts of a mu- fil: 
cilaginous filament, of which one end inſi- ca 
nuates itſelf between the lobes, and is in- nm: 
ſerted into the plantule, and the other end 
__ out of the . and 1 is attached to the 
| inſide Þ 
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inſide of the ſeed (vi. viii, x1x). This fila- 
ment probably conſiſts of a number of veſſels, 
deſigned, like the umbilical cord in animals, 
to convey nutriment to the plantule and 
| lobes, whether the nutriment be the liquor 
lying in the cavity of the ſeeds, filtered and 
le rendered perfect in theſe veſſels, or the ſub- 
4 Wl ance itſelf of the ſeeds, at the expence of 
ze which the lobes and plantule grow; for it 
o, WI conſtantly happens, that as theſe parts are 
is Ml enlarged, the internal ſubſtance of the ſeed 
. is deſtroyed, and at length reduced to a mere 
kin. But beſides the manifeſt communica- 
ed tion formed by this filament between the em- 
he Wl bryo and the ſeeds, I have found, in more 
be WI inſtances than one, that it communicates at 
n, other parts; as is obvious in broom, peaſe, 
or kidney beans, chick -peaſe (Iv. vii. 1x). If I 
ly, bave ſometimes not been able to find any liga- 
in ment paſſing from the embryo to the ſeed, it 
on is not therefore to be concluded, that there 
la- exiſts none, but that it cannot be diſcerned, 
m, either on account of its minuteneſs or tranſ- 
parency. For as the embryos, in which the 
filament is viſible, are unfolded. within the 
cavity of the ſeeds, in the ſame invariable 
manner ; as is obſerved by Nature, in embryos 
appearing without this connecting medium, 
we have juſt reaſon to infer, that it exiſts in 
= . the 
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the latter as much as in the former. That 
the minuteneſs, and much more the tranſpa. 
rency of theſe cords, may hinder them from 
being ſeen; not to mention the proof afforded 
by the embryos themſelves before they are 
ſubjected to the. action of fire (Xxxv111), 
is confirmed, by a itriking inſtance, in the 
tadpoles of the fetid toad, while they as yet 
float, in the liquor of the amnion: theſe tad- 
poles are provided with an umbilical cord, but 
which is not viſible on account of its tranſ- 
parency. 

As it is evident, therefore, that v we at” 
no foundation for ſuppoſing the embryo to be 
mechanically formed 'in the ovarium of the 
plant, and as it has been moreover proved, 
that it does not depend upon the powder of 
the male, it remains to be inferred, that it 
pre- exiſts in the ovarium. In favour. of its 

pre-exiſtence we have another very powerful 
argument, in the communication effected by 
the filaments between the embryo and the 
ſeeds; for hence it is clear, that the ſeed and 
the embryo compoſe but one organic whole, 
As then from all my obſervations it appears, 
that the ſeeds pre-exiſt in the ovarium long 
before the opening of the flowers, I ſee no 
reaſon why we ſhould not aſſert the fame 
thing of the embryos. 1 

XL. The 
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xL. The celebrated Muller, a gentleman 
of Denmark, made at Geneva, ſeveral years 
ago, under the inſpection of Mr. Bonnet, an 
obſervation, nearly approaching to thoſe re- 
lated in this Diſſertation. He found the ſeeds 
of peaſe arranged in rows within the pods 
before the opening of the flowers, and con- 
ſequently before the action of the pollen had 
been exerted ; but he was not ſolicitous to 
ut Bi puſh his obſervation any farther, by examin- 
ng the infide of the ſeeds, or by tracing the 
WW progreſs of evolution. The philoſopher of 
ve Geneva could not but deduce important con- 
be Bi ſequences from this fact. He began to re- 
he fiect upon the nature of the ſeeds, that they 
d, were bodies admirably organized, bodies now 
tin miniature what they were ſoon to be at 
full length; that, like all the parts of the 
ts egg taken together, all the parts of theſe 
bodies conſpire to form an organic whole. 
ne juſtly concluded, that in the ſeeds of 
ie peaſe, ſhewn to him by the Daniſh naturaliſt, 
nd the plantule exiſted with its lobes, as in the 
egg, however diminutive, the embryo, with 
ts covers, lies concealed. Hence he 
ong i thought himſelf authorized to infer, that as 
no tie ſeeds of peaſe exiſt before the expanſion 
ume of the bloſſoms, and, of courſe, before the 
alperſion of the fecundating duſt, ſo the 
lobes 


395 DIiSSERTATION 1, 


lobes and plantule pre-exiſt in like man- 
ner (a); the very ſame conſequence which | 
have above deduced from my numerous obſer. 
vations (xxx ix) 
- I may poſlibly be aſked by: forns Curious 
perſons, whether, after having abundantly 
proved, that the embryos of my plants exiſt 
before fecundation, or, to uſe an expreſſion 
equally applicable to thoſe which require the 
fecundating duſt, and thoſe which do not, 
before the opening of the bloſſoms, I ever 
thought of having recourſe to ſome. contri- 
vance for rendering them viſible before this 
period. It is proper to inform ſuch enquirers, 
that the idea has not only occurred: to me, 
but that I have put it in practice, though 
indeed without effect. I have taken the ſeeds 
out of the cloſe and compact bloſſoms, and 
diſſected them under a powerful magnifier, 
but have never been able to diſcover any 
thing more than by a glaſs of inferior power, 
that is to ſay, an homogeneous gelatinous 
matter. I doubt whether the embryo might 
not be withheld from my view, more by its 
tranſparency, for the jelly was tranſparent, 
than its ſmallneſs. I boiled ſome ſeed for a 


little while, and ſteeped others in ſpirit of 


(a) Palingendfie, T. 1, page 420, 421. 


wine. 
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wine. The jelly was inſpiſſated in both 
caſes, but the embryo was not rendered con- 
ſpicuous. Coloured infuſions have ſome- 
times been employed by naturaliſts, with the 
utmoſt advantage, to bring into view thoſe 
organs of plants, which are otherwiſe invi- 
ſible. By theſe means Mr. Bonnet has diſs 
covered the ſmall veſſels which ariſe from 
the embryo, and paſs in a ſerpentine direc- 
tion through the ſubſtance of the lobes (a). 
J put ſeveral ſeeds into differently coloured 
infuſions, and they acquired, both externally 
and internally, the colour of the infuſion. 
But the embryos were not rendered in the 
ſmalleſt degree perceptible. Thus unſucceſs- 
ful did theſe various trials, as well upon 
cloſed as expanded bloſſoms, prove, with re- 
ſpect to the embryos, nor were they more 
fortunate with reſpe& to the lobes. The 
ſame thing happened after the falling of the 
flowers, and the formation of the cavity fo 
often deſcribed. The whole advantage gain- 
ed by my applications aroſe from ſpirit of 
wine, which inſpiſſated the liquor of the ca- 
vity and the embryo at the ſame time, fo 
that it might be diſcerned five or fix days 
looner, as I collected from the examination 
of other ſeeds of the ſame age left on the 


(a) Recherches ſur l'uſage des feuilles. 5 
| plant, 
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plant. This reſult adds confirmation to the 
truth above eſtabliſhed, that the embryos are 
not generated, but only unfolded in the ſeed; 
(xxxv111, xXxx1x). It moreover proves the 
extreme difficulty, I might ſay, the impofſi. 
bility of obtaining a view. of the plantule 
before the expanſion of the bloſſoms. - When 
' ſpirit of wine enabled me to diſcern it, it 
was yet a moſt diminutive atom, notwith- 
ſtanding fifteen days had elapſed ſince the 
opening of the bloſſom in which it grew 
Now the plantule had, doubtleſs, in this in- 
terval, paſſed through ſeveral ſucceſſive ſtages 
of growth. And how prodigioully rapid is 
the growth during this firſt period! How 
inconceivably ſmall, therefore, muſt the 
plantule be before the opening of the flowers! 
Is it not then unreaſonable to hope, that we 
ſhall be able to diſcern an object ſo exceflively 
_ diminutive ? 
xL1. The illuſtrious Haller was the fit 
who ſhewed, that in birds the fetus exiſts 
before fecundation. I have 'extended this 
diſcovery to different ſpecies of amphibious 
animals. Theſe facts led me to believe it 
probable, that the fame pre- exiſtence takes 
place in all animals. What has been diſ- 
covered in various individuals of the animal 


kingdom, 


f 
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kingdom, has been alſo obſerved in ſeveral 
ſorts of plants. I have therefore an equal 
right to draw the ſame concluſion with re- 
ſpe& to all plants. But if I may expreſs my 
deliberate opinion on this important topic, I 
dare not affirm that the embryos, in all caſes, 
exiſt before the opening of the bloſſoms. 
Such a decifion would be precipitate; we 
may learn from a thouſand examples the va- 
riety of Nature, even in thoſe operations 
which are deſigned to accompliſh the ſame 
end. I therefore only obſerve, that till the 
contrary ſhall be proved, we have juſt reaſon 
to continue in believing pre-exiſtence to be 
univerſal. Hence we have a new and ſtrik- 
ing point of analogy between plants and ani- 
mals, to be added to the many others long 
known; and hence the ſuſpicion, that theſe 
two tribes of organized beings compoſe, per- 
haps, only one immenſe family, receives 
ſtrong confirmation. HG e 
XIII. Bafil and mercury are two plants, 
which unite with many others, to ſhew the 
neceſſity of pollen to fecundation. The 
latter of theſe is particularly deſerving of 
the reflections of the philoſopher. Female 
plants of mercury, at no great diſtance from 
the males, remain ſterile, becauſe the fecun- 
dating atmoſphere, if I may ſo ſpeak; of the 


latter, 
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latter, is not far diſſeminated, on account of 


the ſmall quantity of pollen produced by 
them (xxx111. XXXVI). If the males be 
brought near the females, they bear ſome 


e ſeeds (XxxIv); but if the males 


be placed almoſt in contact with the females, 
the greateſt part of the ſeeds will adhere and 
ripen and germinate (xxxv). Should the 
males be again removed, the females return 
to their former barrenneſs (xxxv1). This 
experiment is exactly conformable to one re- 
lated by Duhamel and Bernard Juſſieu. 
Thoſe botaniſts having obſerved, that a fe- 
male turpentine- tree, growing in a garden at 
Paris, remained conſtantly barren for want 


of a male, notwithſtanding it flowered every 


year, determined to bring one near it. The 
very year they put their deſign in execution, 
the female bore a plentiful crop of fruit and 
productive ſeeds. But the following year the 
male, which grew in a pot, being carried to 
its former ſtation (a), the female FO 
into its accuſtomed ſterility (5). 

xL III. 


(a) Duhamel Phyfique des Arb. T. I. | 
(5) There is growing in the Biſhop of London's leh 
Fulham, a male tree of this ſpecies, and in the botanic garden 


at Chelſea, a female. Some years ſince an attempt was made 
to fecundate the female, from which the ſeeds always drop 


prematurely, by carrying ſome branches cut from the . 


* 
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xILIII. The ſucceſsful experiment of Mr. 


Gleditſch upon the palm, denominated Cha- 


nairops, by Linnæus, and by Boerhave Palma 


lallylifera major, ſpinoſa, fæmina, folio fla- 
lellifarmi, has been much celebrated. This 


palm, which grew in the Royal Garden at 
| Berlin, and is perhaps ſtill growing there, 


had never borne fruit, notwithſtanding it was 
eichty years old. The ſagacious naturaliſt 
ſuſpeting, that the failure aroſe from the 
want of a male plant in the garden, and 
having no opportunity of availing himſelf of 
the expedient employed by the two Academi- 
cians of Paris, had recourſe to the only alter- 
native remaining. - He procured ſome pollen 
from the. male of the ſame ſpecies, and 
ſprinkled it upon ſome of the female bloſ- 
ſms. The event correſponded admirably 
with the views of the curious obſerver, All 
the flowers that. were touched by the pollen 


ad fixing them upon the female. But the experiment, from 
chatever cauſe, proved unſucceſsful : whether the antheræ had 
aready ſhed their powder, or whether it was ſhaker off in 
crying, Plants of the turpentine. tree are ſcarce and valu- 
able; it would therefore be an object, not only of curioſity, 
but of uſe, to ſucceed in the feeundation of the female; and 
ſurely the end may be attained, by a little patience and dexte - 
my. Let ſome pollen, for inſtance, be gathered, and cares 
fully ſprinkled upon the female bloſſoms, according to the mes 


ſ tiod ſucceſsfully employed by Mr. Gleditſch, in imprognating 


the palm. T. | 
Vor. II. De produced 
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produced dates in proper ſeaſon, and from 
the ſeeds which were planted there fprang an | 
equal number of young palms ; but the 
other flowers, upon which the influence of 
the pollen had not been exerted, loſt the 
greateſt part of their fruit, while it was yet 
ſmall, and in the little that remained, there 
was no ſtone, nor did the feeds germinate (). 
One circumſtance attending this artificial fe- 
3 cundation deſerves to be mentioned. The 
pollen employed by the botaniſt of Berlin 
was not freſh, but ary; it had been gathered 

nine days. 
- When I was alin my experiments upon 
| mercury, it did not occur to me to attempt 
} artificial fecundation ; but I have not the I hal 
leaſt heſitation in ſuppoſing, that my ſucceſ WM wh 
would have been the fame as that of the Pruſ- Af 
ſian naturaliſt, And as ſuch experiments, Ml ter 
under the guidance of a philoſophical mind, Wi one 
cannot but throw great light upon the obſcure WM Pro 
ſubject of the fecundation of plants, I ex- the 
hort botaniſts to undertake them upon mer- ef 
cury, a plant, not confined, like the palm, I t 
to a few countries, but widely ſpread over the {en 
globe. I could wiſh, that, in the firſt place, I tha. 


if I may be allowed. to expreſs my lender the 


a the 
8 * (a) Acad. * Pruff. for = year 1767. 
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conceptions, the pollen of the mercury might 
be carefully examined, in order to diſcover 
what part of it is the immediate cauſe of fe- 
cundation. I have already obſerved (xv), 
that it conſiſts of veſicles. In theſe veſicles 
the induſtry of enquirers has detected a ſub- 
tile liquor, containing a multitude of glo- | 
bules. This fimple obſervation has given 
riſe to ſeveral diſcordant opinions. Some 
he have ſuppoſed the globules: to be the imme- 
lin WM diate agents of fecundation; others have at- 
red tributed this effect to the ſubtile liquor; nor 
have there been wanting others, who have 


yon imagined it to be produced by a fluid of ex- 


not WM ceſſive tenuity, a ſpecies of vital ſpirit, ex- 
the WI haling from the above-mentioned liquor, 
ce> which ſerves only as a vehicle to the fluid (2). 
A few delicate experiments would perhaps de- 
termine which of theſe opinions is the true 
one. With reſpe& to the laſt, we might 
probably put it to the proof, by occaſioning 
the exploſion of the veſicles by moiſture, and 
expoſing the liquor they yield for ſome time 
to the air. If it will not now fecundate the 
female bloſſoms of mercury, it would ſeem, 
that it is effected by ſuch a ſpirit, oe atleaſt 
the moſt ſubtle, active, and volatile part of 
the liquor, which by this time has evaporated. 


(a) Adanſon ſamilles des Plantes, T. 1, 
ons, D d 2 | But 


hay 
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But ſhould fecundation nevertheleſs take 

place, inſtead of imputing it to the ſpirit, it 

muſt be aſcribed either to the liquor or the 

globules, and then the reſult of my experi- 

ments upon animals would be verified with 

reſpect to plants: it would appear, that the 

| efficient cauſe of fecundation is not the ſubtle, 
 — volatile part of the ſpermatic liquor, but the 
ä groſs ſenſible portion. Next, in order to 
learn whether the globules, or the liquor 
independent of them, produces fecundation, 


it will be neceſſary to ſeparate the one from 55 
the other, and touch different female bloſ- lik 
ſoms with each; nor do I think, that a MW th. 
perſon. accuſtomed to delicate experiments, for 


would find it very difficult to effect this ſepa- 
ration. 
 xLiv, Mr. Adanſon lays it down as a cer- 
tain truth, that the ſmalleſt particle imagin- IM ka 
able of pollen falling upon the ſtigma, will BW r. 
produce fecundation (a). If this were really 


the caſe, the impregnation of plants would A 
in this particular agree with that of ſeveral gu 
amphibious animals, for which I have ſhewn bal 


an infinitely ſmall drop of ſeed to be ſufficient. the 
But this celebrated Academician muſt allow WW... 
ane to remark, that what he advances is 2 
mere bypotheſis, in ſupport of which he I the 
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dozs not bring the ſmalleſt preſumption, 

much leſs any proof: nor does he offer either 
preſumption or proof. of the exiſtence of this 
vital fecundating ſpirit in plants, notwith- 
ſtanding he aſſerts, that the embryos of ani- 
mals are impregnated by a ſpirit of the ſame 
nature, iſſuing from the ſeed; an aſſertion 
which my experiments ſhew to be abſolutely 
0 Wh falſe. Nothing, however, can be eaſier than 
* bring this hypotheſis to the teſt of proper 


u, experiments, by artificially fecundating mer- 

m cury. And were ſuch experiments diverſified, 
1- | like mine upon animals, I have no doubt but 

chat they would furniſh new and curious in- 
N formation. 


xLv. The ſeminal liquors of animals and 
plants poſleſs one property in common; they 
retain their virtue for ſome time after they 
have been taken from their natural reſervoirs. 
The ſeed of frogs and toads preſerves its 
prolific power for ſeveral days after it has 
been taken out of the animals; and the fame 
quality was obſerved in the pollen of the 
palm, ſeveral days after it was ſeparated from 
the plant (III). But the feed of animals 
becomes in no very long time inert. Are we 
to ſuppoſe that the fame thing happens to 
| the pollen after the dropping of the ſtamina ? 
If we conſider the phyſical cauſe which, ac- . 
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g cording to every appearance, deſtroys the 


virtue of the ſeed of animals, it would ſeem 
as if the inference was not very juſt. The 


ſeed of animals becomes unfit for fecunda. 


tion exactly in proportion as it putrefies; and 
if it can be preſerved from putrefaction, it 


continues to be prolific. This ſpecies of 
corruption does not ſeem ſo much to be ap- 
prehended in the pollen, or rather in the at- 
tenuated liquor which it contains. From the 


analyſis given by able naturaliſts we learn, 
that the liquor is of an oily nature, and re- 
fuſes to mix with water (c). It appears, 
therefore, not unreaſonable to ſuppoſe, that, 


like other vegetable oils, it will keep for a 


long time; hence ſome may be induced to 
think that the prolific virtue of the pollen 
continues ſo much longer than is generally 
believed, that there is nothing extravagant in 
imagining it to laſt for many months, nay for 
a number of years. But notwithſtanding its 
oily nature, which may ſeem: likely to pre- 
ſerve it from putrefying, the following 
reaſons lead me to ſuppoſe that it ſoon loſes 
its prolific power. In order that this liquor 
may. produce its proper effect, and the ſame 


obſervation is applicable to the globules and 


the ſpirit of Adanſon (XL111), it muſt at the 
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time it acts on the ſtigma iſſue from the Ve= 
ficles,. or; have been lately diſcharged, for it 
is natural to ſuppoſe, that by expoſure to 
the injuries of the air it muſt be diſperſed, 
altered, and rendered unfit; for fecundation. 
But this diſperſion and alteration mult una- 
voidably happen to pollen, that has been 
ripe for ſome time. According to Mr. Need- 
ham's obſervation, Which has been verified 
as well by others as by me, that if - the ripe 
pollen of any plant whatever be examined by 
the microſcope, we ſhall always perceive 
ſome veſicles from which the liquor has 
eſcaped; thoſe that ſtill retain it will explode 
if they be wetted, like an colipile ſuddenly 
expoſed to a ſtrong heat. It is equally agree 
able and ſurpriſing to ſee the ſucceſſive explo- 
ſion of the veſicles, and the projection of the 
liquor, a few inſtants after the application of 
water. From this experiment it appears, 
that the veſicles remaining after fecundation, 
whether they float in the atmoſphere or fall 
to the ground, cannot continue long without 
exploding and diſpelling their contents, be- 
cauſe ſome. veſicles will burſt ſpontaneouſly, 
and the exploſion of the reſt will inevitably 
be occaſioned by vapour, dew, or at leaſt by 
rain, Theſe agents will, I am perſuaded, 
prevent the pollen from retaining its prolific | 
Th D d 4 virtue 
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virtue long after the ſeaſon of fecundation. 
That rain, in particular, is deſtructive of this 
quality evidently appears from thoſe plants, 
which, during the time of flowering, are 
expoſed to violent rains, being either barren or 
bearing only unproductive feeds, This failure 
is owing to the exploſion of the veſicles before 
they reach the ſtigma, the ſituation in which 
they fecundate the ee contained | in Wi 
ovarium, | 
However this 1 may be, to return ar a mo- 
ment to the continuance of the virtue of the 
pollen, after the ſtamina are withered.---The 
term ought certainly to be aſcertained both in 
mercury and other plants, 1 he ſubject is 
highly intereſting. 
XI VI. It has been uſually admitted as 8 
decided point, that fecundation is effected by 
ſome veſicles, or, according to the common 
expreſſion, by ſome granules of pollen, which 
entering through the ſtigma into the ſtyle, 
advance into its longitudinal duct, till being 
ſtopped by the narrowneſs of the paſſage, and 
moreover moiſtened by the juice oozing out 
from the ſides, they burſt and ſend forth the 
ſpermatic vapour, which penetrates as far as 
the ovarium, and impregnates the ſeeds con- 
tained in it. But this explanation has not 
has the wood. fortune of meeting with Mr. 


Adanſon | 
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Adanſon' s / approbation ; not that he denies 
the pre-exiſtence of the ſeed in the ovarium, 
nor that it is fecundated by the liquor of the 
pollen, or, as he calls it, by the vital ſpirit 
refiding in it. But he pretends that the vital 
e ppirit does not paſs along this duct to the 
e feeds, becauſe in many plants there is no ſuch 
h duct exiſting. He allows, indeed, that in 
e ſome plants, as in ſeveral of the liliaceous 
tribe, the canal extends from the ſtigma to 
o- the ovarium, but he aſſerts that it is other- 
he wiſe in the greater number of other plants, 
he 
In 


which have their piſtils imperforated. In 

order, therefore, to explain the manner of 
is fecundation, he imagines that his vital ſpirit, 

which in ſubtility and activity is equal to the 
s electrical fluid, paſſes along the tracheæ that 
terminate at the ſurface of the ſtigmata into 
placenta, whence it inſinuates itſelf into the 
ſeed, and fecundates the embryo (a). The 
illuſtrious Bonnet, in a ſenible and profound 
Memoir, entituled, Idses ſur la Fecundation 
des Plantes (b), mentions the opinion of 
Adanſon, but appears little ſatisfied with his 
hypotheſis concerning the tracbeæ, on ac- 
count of its ROO ee pon, al- 


(a) L. e. 


(5) Inſerted in Rovier' $ * for 1774s and en in 
Ns works, I 
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though it is propoſed by the author as a well. 


aſcertained fact, and moreover finds great 


difficulty in admitting that any piſtils are 


without a duct, and perfectly cloſed. Hence, 


prompted by his conſtant ardour for the in- 


veſtigation of truth, he takes: occaſion to 


exhort philoſophical botaniſts. to examine this 


matter afreſh. Although it was not my pur, 


poſe, when I was making enquiries concern- 
ing the generation of plants, to enter upon a 
complete examination of the internal ſtruc- 


ture of the piſtil, I did, however, occaſionally 
examine ſome. For this purpoſe I cut the 


piſtil tranſverſely into ſeveral pieces, andthen 


_ them vertically under the microſcope. 


hus I could aſcertain whether they were 
perforated or not. I found that ſome piſtil 
were completely perforated from the ſtigma 
to. the ovarium; in others, the canal did not 
reach above half the length, and ſometimes 


not ſo far down. Laſtly, in ſeveral other 


piſtils there appeared no perforation at all. 


Upon the piſtils of mercury I made no ob- 


ſervation, which, however, it would be 
proper to do; and then the validity of that 
hypotheſis, according to which fecundation 


is not effected by the paſſage of a ſubtile im- 


pregnating ſubſtance along the duct of the 
piſtil, but along the tracheæ, which termi- 
nate 
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nate on the ſurface of the ſtigmata, may be 
ſcrutinized. I could wiſh that ſome pollen 
might be laid upon their ſurface, while care 
is, at the ſame time taken, that none enters 
into the aperture of the duct: and that on 
other piſtils the inverſe experiment might be 
attempted, that is to ſay, that ſome pollen 
might be introduced into the opening, while 
the ſurface remains untouched, and that we 
might ſuſpend our . 970 till we e N 
iſſue of the trial. 
xLVII. But althiuphs I could diſcern no 
duct in the piſtils of ſome plants, I am not, 
with Mr. Adanſon, diſpoſed to think that 
there are none. While I ſincerely wiſh for 
knowledge extenſive as his, I ſhould be ſorry 
to reaſon in the ſame manner. I have found 
that the veſicles or granules of pollen vary 
with the fize 'of the plant, an obſervation 
which has been made and publiſhed many 
years ſince by other naturaliſts. Some are ſo 


kerge as to be perceptible by means of a ſingle 


glaſs; while others are ſcarce diſcerned by 
the aid of the microſcope. Hence I can be- 
lieve, without reluctance, that there are ſome 
which no aſſiſtance can bring under the 
copnizance of the ſenſes. If we ſuppoſe the 
duct in the piſtil to be the canal of fecunda-- 
tion, its area will be eren to the bulk 
of 
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of the granules which are to enter it: if they 
be large, the paſſage muſt be wide; if they 
be very ſmall. or inviſible, the paſſage. will 
probably be fo alſo. According to this ſup- 
poſition then, we ſhall not be able to ſee. the 
duct, ſhould it even exiſt. In order to de- 
termine whether my reflection be juſt, it will 
be only neceſſary to obſerve, whether the 
' granules of pollen are inviſible when tha piſtil 
appears to be without a duct. But ſhould 
the granules be perceptible, and the piſtils 
have no canal, as far as the eye can judge, it 
would hence follow, that this is really the 
caſe, for it may eaſily happen, that the piſtil 
ſhall be examined at a time when the duct is 
either not yet open or has cloſed. Let me at 
once illuſtrate and prove this propoſition. In 
the Sponſalia Plantarum, which is without 
doubt one. of the beſt diflertations in the 
Amænitates Academice, the celebrated Lin- 
næus deſcribing the amours of plants with 
great complacency, andin the fame ſtrain in 
which another natuxaliſt would deſcribe the 
amours of animals. He adduces, among 
other evident marks of the female's appetite 
for the male, the direction of the ſtigma to- 
wards the piſtil and its dilation, like the gap- 
ing of a ravenous dragon, longing for the 
pollen of the male, with which, when it 1s 
* ſatiated, 
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atiated, it cloſes. Gratibla, theſe are his 
expreſſions, &/tro venereo agitata piſtillum flig- 
mate biat rapacis inſtar draconts nil nifi maſcu- 
linum pulverem affetlans; at fatiata rictum 
claudit, He applies terms of like import to 
various other plants. The reader muſt by 
this time perceive, that what I would obſerve 
is, that we may poſſibly miſs the exact ſeaſon 
of the female's ardour for the male; and 
then the aperture of the ſtigma will dither be 
cloſed after ſatiety, or not yet opened. 
Hence we ſhould falſely conclude, that theſe. 
ſtigmas are without ducts. A circumſtance 
of the ſame kind happens to various animals, 
particularly to ſome of the amphibious claſs, 
as frogs, toads, newts, of which the females 
have their oviducts quite free and open at the 
ſeaſon of their amours ; but at all other times 
they are ſo narrow, that air can ſcarce be in- 
troduced into them by means of a ſmall ſy- 
ringe. If I ſhould be aſked, when the fe- 
male is moſt - ardent, and when, of courſe, 
the ducts are to be ſought for, I would anſwer 
vith Mr. Gleditſch, that at this period the 
delicate papillæ upon the ſtigma are lightly 
covered with moiſture of the ſame kind as 
that which tranſudes from the veſicles of pol- 
len, for then, according to that author, fe- 
cundation takes „ 
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| worthy to be followed up: I earneſtly wiſh 
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xL VIII. I have before obſerved, that the 
ſurface only of the ſtigma without the orifice 
might be touched with the pollen of mercury 
(xLv1). But I ſhould with to know allo, 
what would be the conſequence of touching 
other parts, as for inſtance the ſurface of the 
ſtile. - Fecundation might be alſo attempted 
upon the leaves and root of female mercury. 
This idea is not my own, but partly at leaſt 
Mr. Bonnet's, who obligingly communicated 
it to me ſome time fince, that I might put it 
to trial, but I have been hindered by my other 
purſuits. Let us hear him in his own 
words: The author,” (who is, as he ſup- 
poſes, M. Fougeroux, ſee the long note at 
paragraph XXV), « finiſhes his Memoir with 
ſome ingenious views, which to him appear 


you could undertake this taſk : He would be 
olad, for inftance, that .attempts were made 


to fecundate female plants by the root. 


This idea certainly deſerves to be brought to 


the teſt of experiment. But the root is at 4 


greatdiſtance from the flower, and the impreg- 
nating ſpirit muſt travel far before it can 


reach the. ovarium. It would be therefore 


Proper to try the ſhorter road of the leaves, 
and above all of the petals.” 


XLIX. 


f 
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ne xXxLIx. But it is tithe to proceed from mer- 
ce Ml cury to other plants, not leſs worthy of the 
ry attention of the naturaliſt.” In mereuty, as 
o, Wl well as in baſil, we have ſeen the neceſſity of 
ng pollen to fecundation. The pumpion or 
he Wl gourd with ſhield- form fruit, the citron 
cd Wl pumpion, hemp, ſpinach, exhibited a phæ - 
ry. nomenon directly contrary: they produced, 
alt MW without the influence of the male duſt; ſeeds 
ted ¶ capable of perpetuating the ſpecies. And in 
tit ¶ order to be fatisfied that the duſt had · no ſhare 
her I in producing the effect, recourſe was had to 
the moſt vigilant precautions, and the moſt 
deciſive proofs. The pumpion with ſhield- 
form fruit flowered in a place many miles 
diſtant from any plant of the ſame ot a neigh- 
bouring ſpecies : moreover, the male flowers 
were all plucked off at their firſt appearance 
(xx, XXI). The fame precautions were 
uſed with reſpe& to the other ſpecies of 
pumpion, with the addition of a third; the 
acceſs of the external air to the female 
flowers, was prevented during all the time, 
in the courſe of which they muſt, in the 
opinion of botaniſts, be impregnated by the 
pollen; for this purpoſe the bloſſoms and 
branches were introduced into glaſs bottles 
perfectly cloſe (xxx11). Various precautions 
LIx. ¶ Vere likewiſe taken with hemp. In the firſt 
5 place, 
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place, ſeveral | female individuals were ſhut 
up in an appartment, from three weeks be. 
fore their flowering to the time of the ripen- 
ing of the ſeeds. Secondly, ſome branches 
were incloſed in bottles for the fame ſpace, 
as in the citron-pumpion. Thirdly, ſome 
female ſtalks were made to flower fix weeks 
before thoſe which grew in the hemp-yards. 
Laſtly, I aſſured myſelf, that no male bloſ- 
ſom ever grew upon the females (xxy1, 
XXVII, XXVIII, XXIX). - Precautions of the 
ſame kind were obſerved with reſpect to 
{pinach ; ſome female plants were raiſed in a 
garden, in which there were no males; ſe- 
condly the pot was completely covered with a 
glaſs receiver, when the flowers with piſtils 
were in bloflom ; thirdly, bloſſoms with 
piſtils were procured earlier than the uſual 
appearance of bloſſoms with ſtamina in the 
gardens and fields: laſtly, I took care to 
fatisfy myſelf, that none of the females ever 
Produced any male flower (xxx, xxxl, XXX11). 
One circumſtance relative to hemp I mult 
not omit to repeat; the ſeeds of individuals 
confined in an apartment, were leſs numerous 
and ſmaller than of thoſe which grow in the 
open air. Both theſe defects were ſtill more 
remarkable on thoſe branches which were 
introduced into bottles (xxv11, XXVIII). 
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Are we to ſuppoſe, that theſe defects aroſe 
pollen? I am little inclined to 
admit ſuch a ſuppoſition; it is far more pro- 
bable, that they were owing to confinement 
in an apartment, and what was ſtill more 
unfavourable, in bottles: hence the plants, 
and conſequently the ſeeds could not attain 
the ſame degree of perfection as thoſe, which 
in the fields enjoyed the benefit of freſh and 
open air, and were ſubject to the direct in- 
fluence of the ſolar rays. 
ſtrongly confirmed by thoſe plants which 
flowered ſix weeks earlier than the others, 
and, notwithſtanding the abſence of the pol- 
len, produced perfect ſeeds as large, and in 
as great abundance as thoſe of the hemp- 
yards, becauſe they were conſtantly expoſed 
to the kindly influence of the air and ſun 


My opinion 1s 


IX). From theſe obſervations on hemp, 


pumpions, ſpinach, compared with others 


made on baſil, mercury, palm, turpentine, 
Kc. &c. it may in general be inferred, that 
if a great number of plants require the 
powder of the male, in order to fructify, in 
many others fructification has no dependence 
And although we are as yet 
acquainted with a few only belonging to the 
atter claſs, it will doubtleſs increaſe in pro- 


on this powder. 
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portion to the number, application, and ſa- 
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gacity 
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gacity of thoſe who, ſhall employ themſelves 
in cultivating . this branch of the Natural 
Hiſtory of vegetables. 

L. But by affirming, that there are plants 
which bear productive ſeeds independently 
of pollen, Iam aware, that I ſhall incur the 
diſpleaſure of all modern naturaliſts and bo- 
taniſts. They will exclaim againſt me' with 
the utmoſt indignation, and reproach me 
with having advanced the moſt abſurd of all 
poſſible propoſitions. I ſhall be told, that 
from the days of Cæſalpinus to the preſent 
hour, every naturaliſt of diſtinction, Grew, 
Ray, Camerarius, Morland, Geoffroy, Vail- 
lant, the Juſſieus, Duhamel, Adanſon, Bon- 
net, &c. &c. have admitted the two ſexes of 
plants, and the neceſſity of both to fecunda- 
tion---that the prince of modern botaniſts 
has conſecrated an entire eſſay to the celebra- 
tion of the amours of plants, and to the de- 
ſcription of their ſexual parts--that upon 
this diſtinction of ſex, as upon a ſolid and 
immoveable baſis, he has founded the great 
edifice of his famous Sem of Nature---that 
in conformity with this theory he defines the 
bloſſoms, the organs of generation in plants, 
 #ohich are Jubſervient to the impregnation of tit 
feeds--- that in the eſſay, to which I have re- 
n he ſhews, that the duſt of the ſta- 
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mina is not diffuſed, till the ſtigma of the 


piſtil is in a fit condition to receive its in- 
fluence that the piſtils are always diſpoſed, 

with reſpect to the ſtamina, in a ſituation fa- 
vourable for the reception of the pollen. 
They will bring to my recollection the proof 
of the neceſſity of the piſtils and ſtamina to 
fecundation, deduced from experiment; for 
if the ſtamina or piſtils of hermaphrodite 
flowers be cut away before the time of blow- 
ing, fructification-will infallibly be prevented; 
and the ſame failure is obſerved whenever 


the ſtamina are converted in petals, or the 


piſtils are expanded into little leaves. Finally, 
they will adduce, in full confirmation of 
theſe aſſertions, the various inſtances of arti- 
ficial impregnation, ſucceſsfully attempted 


by different naturaliſts upon various ſpecies ' 
of plants, by means of pollen. From all 


theſe , conſiderations, it would ſeem no 
longer to be queſtioned, that the fecunda- 
tion of plants, in conſequence of the action 


of pollen, is one of the moſt univerſal laws 


of Nature. 

L1. Such are the objections which 1 ſeem 
to hear urged againſt me by the learned and 
worthy maintainers of ſexualiſm. I muſt, 
however, inform them, that I was not un- 
acquainted with theſe arguments, when I 

KE2 made 
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made my experiments upon plants. I knew, 
moreover, that ſome of them were directly 
oppoſite to experiments related by the northern 
Pliny; as that, for inſtance, deſcribed by 
him in the following terms. Cannabem 
flores maſculos tantum ferentem, fi ante di- 
vellit ruſtica quam cannabis ſeminifera flores 
piſtilliferos non aperuerit, nullam aut * 
exiguam portabit ſeminum copiam (a). 


alſo had in view an aſſertion, nearly alike, 4 | 


the illuſtrious Duhamel, in his Phyfique des 
Arbres. It has been obſerved, ſays he, that 
an inſulated plant of ſpinach produces but a 
very little ſeed capable of germinating. When 
I firſt read this writer, I gave full credit to 
his aſſertion, for I had no reaſon to doubt of 


it; and even quoted it in a note on the Con- 


templation de la Nature, tranſlated by me, and 
publiſhed at Modena, in the year 1770. 

Theſe reſpectable authorities ſerved only to 
render me more diligent, cautious, and aſſi- 
duous in my experiments. They had not 


ſuch influence as to make meadopt an opinion, 


contrary to that to which facts pointed: nor 


ſhall they now hinder me from making, with 


proper deference, ſuch ſtrictures upon the 
inſtances juſt quoted, as are ſuggeſted by 
the r love of truth. * en 


(a) Spons Plant. 


with 
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with the fact mentioned by Linnzus, it does 
not appear that he made any experiment upon 
hemp; he ſeems merely to have adopted the 


_ vulgar notion, according to which, if the 


male hemp be pulled before the flowering of 


the female, the latter will produce either no 


ſeeds at all, or only very few. To ſhew the 


falſeneſs of this notion, I have only to advert 


to my experiments, in which every ſtalk of 
hemp proved fruitful, though they were all 
kept ſo cloſe, as to be perfectly exempt from 
the influence of pollen---not to mention the 
common practice, in the territories of Reggio 


and Modena, of pulling the male plants ata 


period, after which the females grow vigour- 
ouſly for ſeveral weeks, and bear productive 


ſeeds. I intreat the learned reader to call to 


mind the twenty-fourth paragraph, in which 
this practice is deſcribed; and alſo to com- 
pare the force of my obſervations on hemp, 
with the few contrary expreſſions of the late 
Upſal Profeſſor, and then to decide. I give 
the ſame anſwer to Duhamel's intimation 
concerning ſpinach. If that illuſtrious na- 
turaliſt had deduced the barrenneſs of this 
plant when inſulated, from experiment of his 


own, I would have diſcuſſed them, and have 


rendered them all the juſtice they would have 
deſerved; but he barely mentions the com- 
E 82 mon 
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mon fuppoſition, which is contradicted by 
the facts adduced by me. 

With reſpect to the diffuſion of the pollen, 
which was The firſt of the three arguments in 
favour of the ſexual ſyſtem, only at a time 
when' the ſtigma is in a fit condition to re- 
ceive it; and with reſpect to the favourable 


| Poſition of the ſtamina and piſtil, the philo- 
ſopher will immediately perceive, that theſe 


are by no means direct proofs of the ſexual 
ſyſtem, but mere conſiderations relative to 
convenience, calculated, if I may employ the 
expreſſions of the great Verulam, rather to 
allure, than to extort aſſent. 

III. Of the ſecond argument, deduced 


from the failure of fructification, when the 


ſtamina or piſtils are either cut away or dege- 
nerate, I muſt take the liberty to obſerve, that 
ſuch inſtances do not prove that theſe parts 
are the organs-of generation, but merely that 
they have ſome concern in this function, as 
well as many other parts, which yet have 
never been ſuſpected to. be appropriated to 
generation. The only facts which clearly 
evince the diſtinction of ſexes in plants, are 
inſtances of the failure of fructification in 
females placed at a diſtance from males, and 
of artificial fecundation, which was the third 
argument adduced. But ſhall we * 
Wit 
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with theſe worthy naturaliſts, that ſuch facts, 
of which ſo few are known, in compariſon. A 
with the immenſe multitude of plants, are 
ſufficient to eſtabliſh an univerſal diſtinction | 
of ſexes? Is it not, on the contrary, evident, 
that they have deduced a general concluſion 
from particular premiſes? They ought at moſt 
to have ſaid no more than that, conſidering 
the cloſe analogy which plants of different 
claſſes, genera, and ſpecies, bear to one 
another in their properties, and that as a diſ- F 
tinction of ſexes has been demonſtrated in F 
ſome individuals, it probably extends to | 
others. Thus, from my diſcovery of the 
fetus's pre- exiſtence in the female of different . 8 
amphibious animals, and from a like obſer- j 
vation made on birds by the great phyſiologiſt 
of Berne, I ſuppoſed that I might juſtly 
infer, that the ſame pre-exiſtence extends to 
other animals. After I had found, that the 
embryos of ſeveral plants exiſt before the ap- 
pearance of the flowers (xL1), I made the 
ſame inference with reſpect to all others. 
But the favourers of the ſexual ſyſtem are not 
warranted, by ſo inconſiderable a number of 
fats, to eſtabliſh it as an univerſal law, as 


nd others have done, beſides Linnæus, who, 
a without limitation, defines flowers, tbe organs 
. of 7 lants, which are bſerviend 
de, genera ion of plants, 2 


. : to' 
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to the fecundation of the ſeeds, Hence he at- fr 
tributes to plants as many males, or huſ- V 
bands, as there are ſtamina. But before he ct 
fo deciſively determined the number of huſ- n 
bands, he ought to have been ſure that they I v 
perform the office. If this far-famed natu- MW \ 
raliſt had ſacrificed leſs to nomenclature, and fo 
more to the ſpirit of inveſtigation, he would ſe 


hase been led to ſtudy the parts of flowers 20 
= more philoſophically and more profoundly; Ml 5 
14 hence he would have been better enabled to MI {! 
= aſcertain the truth or falſchood of his ſyſtem: IM th 
„ but he was in too great haſte to erect his er 
” own ſyſtem upon the ruin of Tournefort's N 
A and his eagerneſs has not, perhaps, been d. 
| highly advanta geous to the philoſophy of pr 
bi botany. of 
43 Ain. Among various particulars concern- I m 
1 ing the generation of plants, which I com- pl 
P municated to Mr. Bonnet, in a letter dated th 
4 October the 18th, 1777, and alluded to ina MW 
3 note, at paragraph xxv, I mentioned ſome ill ti: 
3 experiments, which were then indeed im- ca 
. perfect, but ſeemed to ſhew, that in ſome 

1 plants the fecundity of the ſeeds was totally NI 
$ independent of the powder of the ſtamina. 5p! 
1 Hence I concluded, that botaniſts in general I po 
3 had been guilty of a ſpecies of ſophiſm. th. 
3 Oe what I then wrote to my * of 
5 | frien 
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friend was but a ſketch of thoſe experiments 


1 which I afterwards undertook, yet he ac- 

ce Ml cepted it with complacency, and admitted 1 
[. my concluſion, notwithſtanding his opinion 4 
vas before different. In his anſwer, dated 4 


j. November the 29th, the ſame year, he ſet 
id forth the reaſons why he had adopted the 
14 ſexual ſyſtem, and ſubjoined the following 
rs Wl acknowledgment, which amounts to a pane- 
y; gyric on his candour. I am, however, 
ſafficiently convinced by your experiments, 
that all the great naturaliſts whom 1 have 
enumerated, as well as myſelf, were deceived. 
We had all formed a haſty deciſion, and 
drawn a general concluſion from particular 
premiſes, We had deduced the neceſſity 
of the pollen in fecundation, from experi- 
ments executed on different ſpecies of 
plants; whereas we ought only to have ſaid, 
that it ſeems to follow, from theſe experi- 
ments, that in ſuch ſpecies the influence of 
the pollen appears to be neceſſary to fecun- 
dation.” ER. | 
Liv. Such indeed is the fatal rock on 
which the genius of ſyſtem-makers uſually 
[plits.--- They illogically deduce general pro- 
poſitions from particular proofs. Finding 
that certain parts are common to a number 
of plants, and that in them they perform 
particular 


= \ 
4* 
$2 * 
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1 other plants: and on theſe plants performing 


can have ſuch an unlimited generality as they 


and imprudently were eſtabliſhed as uni- 


ſyſtem-makers, in which he diſtinguiſhes 
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particular functions, and have particular pro- 
perties, they determine, with wonderful fa- 
cility, that the ſame things take place in all 


ſuch functions, and endowed with ſuch pro- 
perties, they found their ſyſtem of botany, 
without perceiving, that before the ſyſtem 


pretend, they ought to be acquainted with 
all the plants of the earth. But how many 
are yet unknown? How many more than are 
known ? With what propriety then can the 
whole vegetable kingdom be comprehended 
under one law? Does the organic world 
afford a ſingle law, which can be called uni- 
verſal? Have not the laws, which haſtily 


verſal, been found not to be really ſuch ? The 
learned botaniſt, Necker, in his Phy/iology « 
Moſſes (a), ably points out this defect af 


them from obſervers; not indeed with great 
purity of ſtyle, yet with the utmoſt juſtneſs 
of ſentiment. ** Alterum ſyſtematicum, al- 
terum obſervatorem diſtinguimus. IIle non 
nia quibuſdam plantarum. ſpeciebus univerk 
ſtabilit ſyſtemata: à particulari ad — 


(a). n Muſcorum, Manhemii, . 
concludit 


- 
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o- Pech i. e. omnibus globi terraquei ve- 
a- getabilibus eaſdem proprietates ac us que ex- 
all perimentis explorata ſunt, tribuit. Obſer- 
ng MWrator omnia theoretica rejicit ſyſtemata, ſolis 
ro- Nobſervationibus necnon experimentis innixus, 
ny, N Naturam perſcrutans: perfectio botanices ab 
individuorum ſingulorum inter ſe affinium 
corumque identicorum characterum notitia 
eſſentialiter pendet. Ea proportione notitia 
hæc acquiretur, qua obſervatorum numerus, 
qui valde exiguus, augebitur ſyſtematico- 
umque cumulus. minuetur. Certum indu- 
bitatumque quod ſyſtematicum i ingenium præ- 
cipua cauſa fit cur de modico prefectu bota- 


unl- Hnices dolemus. Syſtemata botanica cum tem- 
aſtily pore exoleſcunt, quia Natura ac C Experientia 
1 potiſſimum non nituntur.” 

The 


LV. That Nature ſhould follow a different 


ogy 0 proceſs in different plants---that ſome ſhould 
0 af require the -influence of pollen in order to | 
uiſhesWnultiply the ſpecies, while it is not neceſſary . 9 
great others, is perfectly conformable to what 


* 


we every day obſerve in animals to which 
they are ſo analogous. Numberleſs animals 
are incapable of multiplying, without the 
concurrence of both ſexes, or, at leaſt, with- 
ut the intervention of that liquor, upon 
mich depends the perpetuity of the ſpecies ; 
18 eyident in man, quadrupeds, birds, 
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fiſhes, reptiles, and inſets. But a val 


Water of the ſea. To theſe may be added 


portions, ſome into four, ſome into fix, anc 


currence of another. Thus it may, an 


multiply without the influence of the fecun 
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number, on the contrary, propagate without 1 
ſuch means; as for inſtance, the PoLyprxs; 
under which denomination is included an im- 
menſe variety of ſmall animals, inhabiting 
the bottom both of the freſh water, 9 
ditches, ponds, puddles, and of the (al 


the lice of plants, a moſt comprehenſive Claſs; 
whole armies dwelling on a ſingle individual 
The animalcules of infuſions, moredyer, 
agree with the lice of plants and polypes, 1 
the mode of propagating the ſpecies. I hae 
ſhewn, in my firft effay, relative to the 1 
tural hiſtory of vegetables and animals, tha 
many ſpecies are multiplied by a natural di 
viſion of the body, ſome ſplitting into tw 


others into eight, &c.---that ſome are oi 
parous, others viviparous, and that all an 
ſtrictly hermaphrodites, each individual pro 
pagating its kind, without needing the con 


really does come to paſs in ſome plants, whicl 


dating duſt. CE | 
Lvi. One objection, however, may 


ſtarted, and it would be inconſiſtent with m 
impartiali 
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mpartiality to ſuppreſs it. It may be urged, 


val by the advocates of the ſexual ſyſtem, that = 
hout although at the time I was making my expe- | i 
PE iments upon the pumpion with ſhield-form - | 
m- fuit, the citron pumpion, ſpinach, and c | 
1ting hemp, I was perfectly certain that the pollen j 
- 0 1 


had no acceſs, yet it might previouſly have 
mpregnated the ſeeds. It may be ſaid, that 
the female individuals might have been fe- 
undated ſeveral years before, and that by 
this ſingle act, not only the ſeeds of the cur- 
rent year, but thoſe of ſeveral ſucceſſive ge- 
nerations, might have been fecundated. 

This objection is only a repetition of what 
e Urs modeſtly ſuggeſted by the illuſtrious 
Frrembley, to Mr. Bonnet, when he made 
is celebrated diſcovery of the hermaphro- 


0 * litiſm of the lice of plants. Who knows, 
1 1 . 0 5 
* ad that naturaliſt, ſo cautious and deliberate 


n his deciſions, but that one copulation may 
erve for many generations (a)? Although my 
xcellent colleague acknowledges the queſtion 
0 be altogether gratuitous, yet, as it was 
ut by a Trembley, he was anxious to repeat 
us obſervations ; and he juſtly concludes, 
at the ſuſpicion is entirely removed by the. 
roduction of ten ſucceſſive generations with- 


nay * 
71th m (a) Bonnet Corps Organ. p. 311. Ed. in 4to. 
artialit = | | out 


E : s 5 , ; Py 
430 DISSERTATION 11. 


out copulation (5). With reſpect to m 
plants, I muſt frankly acknowledge, that 
did not obtain from any of them more tha 
three generations without the intervention of 
pollen. Nor did the nature of the thing 
allow me to ſatisfy my curioſity fo ſoon 25 
Mr. Bonnet, for he, in the ſhort {pace of 
three months, obſerved ten ſucceſſive gene 
rations ; whereas not leſs than ten years mus 
have paſſed, before I could have obtained 1 
equal number in the ſubjects of my experi 
ments. I have not, therefore, been able tc 
derive ſufficient information from this ſource 
yet I can adduce conſiderations weight 
enough to overturn the objection. In thi 
firſt place, all Nature does not afford a fingk 
inſtance, wherein one act of fecundatio 
ſerves for ſeveral generations. The on) 
caſe, concerning which any ſuch ſuſpicio 
has ariſen, has been abundantly cleared fron 
it. Sccondly, we have inſtances of man 
ſucceſſive generations, without copulation 0 
fecundation, as in the polype with arms 


— — 2 tm. . A © ad 


— 


(3) Notwithſtanding Mr. Bonnet has diſcovered and pu! 
liſhed this fact ſo many years ago, and notwithſtanding it h4 
met with no oppoſition from any obſerver, Linnzus advance 
in his Syftema Nature, and in the laſt edition of 1767 * 
peats, this ſcandalous propoſition. *+ A copula parent! 
fœcundas naſci filias, neptes, proneptes, abneptes aſſeyera 
entomologi.“ 

Fro 
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m From the body of this ſpecies ſprout ſmall 
at I polypes, which, during their evolution, pro- 
tha duce other ſmaller poly pes, and theſe again 
on ol others {till ſmaller and ſo on: hence we have 
thing at laſt a ſeries of generations, growing one 
on out of another, and all ſupported by the 
ce d mother polype, of which we are certain, 
gene. that ſhe has never had any fort of commerce 
mull with her fellows ; becauſe ſhe was torn, while 
ied u yet very ſmall, from the body of another, 


xperi 2nd ever afterwards kept in the moſt perfect 
ble t ſolitude (2). Since, therefore, we obſerve 
ource WM {0 many ſucceſſions in animals, indepen- 
eight dently of the action of any ſeminal principle, 
In th why may not, or rather why muſt not, the 
ſingle ame thing take place in ſome kinds of plants? 
\dationl We have no fact which proves a number of 
e on fuccefiive generations in any organized body, 

ſpiciol to be the effect or the es or an antecedent 


at of fecundation. 


d fron 
tion o have related, compel me to reject the action 
arm i of the powder of the. males in ſeveral plants, 
yet I dare not altogether deny the poſſibility 
of fecundation. What J mean to infinuate 
i, that in the courſe of my frequent medi- 


and pub 
ding it he 
s advance 
f 1767 * 
parent 
s aſſevera 


(a) Trembley, Polypes d' eau douce. 
Fro 3 


has 


ma Lv1:.. Although the many facts Which . 


tations upon this important ſubject, a doubt 
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has ariſen in my mind, whether the ſeeds in 
the ovarium may not be fecundated by ſome 
ſeminal principle reſiding in the piſtil. l 
have frequently ſeen upon the ſtigma of cer- 
tain plants, a kind of powder exceedingly 
like that of the ſtamina, though I had at the 
ſame time clear proofs, that the latter had 
not yet burſt from the anthere. But I did 
not, I muſt own, make any careful obſerva- 
tions on this ſubject. My ſurmiſe was how- 
ever ſtrengthened by reading in Kölreuter, 
not without ſurprize, that the properties of 
the ſeminal powder belonging to the ſtamina, 
are exactly the ſame as thoſe of the matter 
furniſhed by the piſtil. Now I have ſome- 


times doubted, whether the duſt of the ſtig- 


ma may not produce the ſame effects on ſome 
plants, as that of the ſtamina on others. 


But this is a mere ſuſpicion, which it would 


give me great pleaſure to ſee confirmed or 
deſtroyed by ſome able obſerver. And as [ 
am ſpeaking of the ſtigma, let me add, that 
I with this organ were more carefully exa- 
mined, than it has ever yet been; great at- 
tention ſhould be paid, in order to determine 
whether it is imperforated or not in ſome 
plants (XxLVI. XILVII). Such reſearches, 
united with others relative to the ſtamina, 


would contribute to diſſipate the miſt which 


covers 


00 


ill 
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covers the fecundation of plants. As I have 
derived great advantage in my attempts to 


lluſtrate this function in animals, from arti- 
fcial fecundation. I cannot but again re- 
commend the ſame means; nor do I doubt, 
but that they will throw as much __ upon 
plants as upon animals. 

Lvi1t. By theſe exhortations, ſuggeſted 
y an unfeigned deſire of attaining truth, and 
xtending the limits of botannical knowledge, 


| with to induce naturaliſts to ſtudy, in a more 
philoſophical manner the natural hiſtory of 


plants. The ligneous ſpecies have, it is 


rue, been much illuſtrated by the profound 


nquiries of 'Grew, Malpighi, Hales, Du- 
amel, and Bonnet; but the herbaceous 
nds ſo much exceeding the others in num- 
ter, and ſo deeply intereſting to. mankind, 


n account of the ſuſtenance they afford, 


ave been hitherto almoſt totally neglected. 

Ve have at moſt a bare nomenclature, in 
wich their different parts are deſcribed ac- 
ding to the ſyſtem adopted by the author. 
do not on this account condemn nomencla- 


ures; the neceſſity of them is evident, ſince 


tis impoſſible to enter upon a rational inveſ- 
pation of plants before we are acquainted 
nth them; and we cannot be acquainted 


Vol. II. . with + 
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I obſerve only, that nomenclature gliding 
along the ſurface of things, is incapable of 
_ forniſhing ſuch information, as will ſatisff 
advance our knowledge of the vegetable 


5 ſimple, but exceedingly complex; Muſchen- 


% 


with them without the ſcience of names (4, 


the curiotity of the profound enquirer, and 
kingdom. The bodies of Nature are not 


brock juſtly compares them to a clock, con- 
fiſting of many wheels, and enclofed in 
caſe, which prevents us from obtaining 
view of the ſize and mutual dependency of 
the wheels, and the various actions of the 
ſprings. \" T's Der therefore, the interna 
parts, and underſtand them properly, it be 
comes neceſſary to open the caſe: we mull 
do the fame” with reſpect to natural bodies 
and not be contented with barely infpecting 
the outſide, but endeavour to penetrate fur: 
ther, and inveſtigate the wonders lying with 


(a) Beſides being obliged to learn the nomenclature 
{whence it may be called the grammar of natural hiſtory, ant 
thoſe who teach it the grammarians) we are under the necef: 

ef uſing it when we write, if we wiſh to be generally under 
ſtood. Thus, in treating of plants and animals, unleſs th 
happen to be the moſt common of all, it would appear, th 
at preſent we cannot do without Linnæus. If, at leafl, 
make aſe of the names in his Sema Natura, whatever gl 
ing defects that work may contain, we are ſure of being und 
food by all Europe. I ſaid plants and animals ; for He offils 
uſe Cronſtedt and Wallerius, as the claſſical authors. 
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in. When the firſt mineralogiſts charac- 


teriſed the productions of the foſſil kingdom, 
le off by difference in colour, in tranſparency, 
tisly Wl opacity, by roughneſs or ſmoothneſs, . by 
andi their granulated or fibrous ſtructure, &c. 


they held out only ſuperficial, vague, and, 
for the moſt part, fallacious notions. Be- 
fore they could be properly underſtood, it was 
neceſſary that chemiſtry ſhould fearch theſe 
productions by its analyſis. What this 
ſcience has done for foſſils, anatomy has per- 
formed for animals. We cannot but acknow- 
kdge the greateſt obligations to Swammer- 
dam, Redi, Valliſneri, Reaumur, Lyonet, 
Daubenton, and, above all, in the claſs of 
ſects, to the immortal Malpighi, whoſe 
diſertation on the filk-worm is a tiſſue of 
diſcoveries,: and may be juſtly conſidered as 
alone ſuperior to all the nomenclatures of in- 
ſects hitherto publiſhed. I could with that 
be ſame attention, which ſo many able na- 


enclature 
ſtory, aMuraliſts have beſtowed upon reſearches con- 
e nec: erning foſſils and animals, was paid to her- 
lly under 


"leſs heffaceous plants. Their economy, the prin- 
pear, taWeinal object of natural hiſtory, ought, above 
| nc Ill, to be the aim of our enquiries. But it 
2 jill be impoſſible to fulfil ſuch an intention, 


ll a careful examination has been made, 
oth of their internal and external ſtruc- 
| Ff 2 8 ture. 


* 
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ture (4). I am aware, that reſearches of this of 
nature require quickneſs of apprehenſion, ton 
tinacity of attention, fertility of reſources, M (4 
exactneſs of judgment, the utmoſt vigilance W tho! 
in noticing the phznomena, and no leſs ſaga- nc: 
city in diſtinguiſhing them; theſe requiſites apre 
do not ſeem indiſpenſably neceſlary in the whe 
learned nomenclator, who is generally con- sble 
ſpicuous chiefly for memory; and this is the they 
true reaſon why, at a time when we are rich othe 
in nomenclators, we are poor, nay beggars, nor 
in obſervers. But it is only by ſuch laudable trio 
exertions, and ſuch valuable accompliſh © n. 
ments, that we can hope to advance any far the 
ther in this noble ſcience, and to increaſe the purſ 
ſtores of uſeful knowledge. I cannot, there uſeft 
fore, but ſet an higher value upon the geniu preh 
(a) Thoſe who, from a defire to ſerve the public, and te like 
contribute to the progreſs of human knowledge, ſhall apply ture, 
the ſtudy of plants, and indeed of minerals and animals allo to tl 
would do well, in my opinion, to follow the example of Erxle If \ 
ben, a late celebrated academician of Gottingen. Mr | 
Keeftner, Preſident of that reſpectable academy, draws, in li and 
elogy, the following exemplary character of him, and ſubjoinl Nati 
a very juſt reflection. Hiſtoriam Naturalem, quam voc ang | 
judicabat (Erxleben) animalium, plantarum, foſſilium, no ine x 
catalogum eſſe, ſed phyſicam. Itaque horum corporum ſtruc grea 
- turam, analyſim, proprietates, uſus docuit, non neglectis ti tivat 
men notis quarum ope velut in indices poſſent referri. Qu | 
indices ſolos qui memoriæ mandant aut ad evolvendos illos ai cette: 
nus habent exercitatas, fruſtra ſibi n * ipl pear 


Nature ſe tenere. , 
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o thoſe naturaliſts, who confine their atten- 
tion to ſome part of natural hiſtory not yet 
ſufficiently elucidated, than upon the art of 
thoſe, who only employ themſelves about no- 
menclatures; and I have the pleaſure of 
zzreeing in opinion with thoſe: great men, 
whoſe moſt earneſt wiſly is the greateſt poſ- 

ible improvement of ſcience, and who, while 
they recommend it, with patriotic zeal, to 
others, advance it themſelves in their im- 

mortal productions. Not that | theſe illuſ- 
trious writers deſpiſe nomenclature, which 1s 
o neceſſary, that it may be called the key of 
the three kingdoms; but they conſider the 
purſuits of nomenclators as not of the moſt 
uſeful tendency, becauſe the deſire of com- 
prehending, in voluminous . nomenclatures, 
like ſo many Briareuſes, the whole of Na- 
ture, as more than one have attempted, ſeems 
to them equally preſumptuous and puerile. 
If Men would go about to diſcover things, 
and not words; if they would inveſtigate 
Nature, and bring to light ſome part of her 
nexhauſtible ſtores, they would render far 
greater ſervice to the ſcience which they cul- 
rate, and deſerve better of the republic of 
letters. Leſt this repreſentation ſhould ap- 
pear exaggerated, I will adduce, from 
among many reſpectable authorities which 
Ff 3 are 


438 117; 
are at hand to confirm it, thoſe of the in- 
comparable d'Alembert, and of the ſublime 
contemplator of Nature. We by no 
means wiſh to reſemble that tribe of natu- 
raliſts, who have been fo juſtly cenſured by 
à modern philoſopher; inceflantly employed 
in dividing the productions of Nature into 
genera and ſpecies, they ſpend in ſuch labour 
the time which would much e be dedi- 
cated to the ſtudy of their properties. Such 
are the expreſſions of the former in that moſt 
maſterly production, the Preliminary Diſer- 
tation to the Encyclopedia. I thall conclude 
with the words of the latter. What 
ought we to think of thoſe pompous nomen- 
clatures, which are arrogantly offered to us as 
the Syſtem of Nature? They immediately 
ſuggeſt the idea of a ſcholar, who attempts 
to form the index of a large folio, after hav- 
ing read only the title and a few of the firſ 
pages. And are we in poſſeſſion of even the 
firſt pages of the book of Nature ? How 
many paſlages do they contain which we do 
not underſtand, and of which the hidden 
meaning probably contains intereſting truths! 
I with not to extirpate nomenclators; they 
ſtrive to give our knowledge ſome arrange- 
ment ; but I will venture to ſay, that a mere 
nomenclator will never make any great diſ- 
k cover}. 
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covery. I will add, that I ſet an higher 
value upon a good treatiſe concerning a ſingle 
inſet, than upon a whole entomological 
nomenclature.---Study the admirable hiſtory 
of the polype, peruſe the fine memoirs on 
inſets, and then compare the uſefulneſs of 
theſe productions with that of the moſt 
boaſted nomenclatures. Of which would 
you ſooner chuſe to be the author? Which, 
think you, imply moſt ſagacity, genius, and 
invention, and have the greateſt tendency to 
Improve anatomy and, natural hiſtory? We 
ought, in my opinion, not to be ſo anxious 
to make a catalogue of human knowledge, as 
to increaſe it. Let us collect more materials 
before we think of erecting a temple to Na- 
ture. She will elſe refuſe to dwell in it. In- 
It ſtead of correſponding to her majeſty, it will 
y. oaly be proportional to the meanneſs of the 
rſt architect (a).“ 


(a) Contemplation de la Nature. 


END OF DISSERTATION III. 
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AN ABRIDGEMENT OF MR. DEMO UR's oB 
SERVATION IS TO BE FOUND IN THE 
FRENCH MEMOIRS FOR 1741, p. 28. 
IN THE MEM. FOR 1778, PRINTED IN 
1781, p. 13, WE FIND THE ACCOUNT 
IN HIS OWN WORDS. THE TITLE Is, 
«© OBSERVATION DE DEUX ANIMAUX, 
DONT LE MALE ACCOUCHE LA FE=- 
MELEE.” Fo 


HE e of Naturaliſts upon the in- 
duſtry of animals are boundleſs. It 
has been pretended, that man is indebted to 
them for the uſeful arts; and ſome are ex- 
travagant enough to affirm, that even the 
moſt abſtracted ſciences have been borrowed. 
from brutes (a). According to Pliny and 
ſeveral other naturaliſts, the idea of bleeding 
was ſuggeſted to phyſicians by the hippopo- 
tamus; and that of injection by the ſtork, 
which, on account of the great ſervices N 
rendered them, was formerly worſhipped by 


(a) Giovanni Bonnifacio, Parti liberali e mechaniche, come 
hano Rate dagli * irrationali, agli Huomini dimoſtrate. 


the 
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the Egyptians. The bear and the dog 


pointed out the advantage of emetics; the 


former by ſwallowing ants, the latter by eat- 


ing the leaves of dog's graſs. Happily for 


medicine, the fact recorded in this Memoir, 


was unknown to theſe naturaliſts, otherwiſe 
they would not have failed to aſcribe the ori- 
gin of the art of mae to the animal in 
queſtion. 

One evening during the dog-days, Job- 
ſerved near ſome ſteps by the great baſon in 
the king's garden, in which I at that time 
occupied the office of demonſtrator, and 
keeper of the cabinet of Natural Hiſtory, 
two land toads of the ſmaller ſpecies (a) in 
the act of copulation. I ſaw that the male 
frequently moved his hind legs; a deſire to 


diſcover the cauſe of theſe movements led me 


towards the place, where I was ſurprized by 
two phenomena, which I believe have not 


been hitherto noticed. The firſt was the 


difficulty with which the female brought 
forth her eggs, which was ſuch that ſhe ab- 
ſolutely required foreign aid, what no other 
animal with which we are acquainted does. 
The ſecond phænomenon Was the efforts made 
* the male to extract the eg with his hind 


(a) Rubeta minor. Geſderi. 


feet, 


ef, 


"x67 worm 
} 
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ſeet, and his thus performing the office of an 
accoucheur. | . 

I could not conceal my ſatisfaction at a 
ſpectacle ſo uncommon. My attention re- 
doubled, and I ſeated myſelf quietly on 
the ground, in order to obſerve more ac- 
curately ; and eſpecially to watch whether the 
male impregnated the eggs as he extracted 
them. 

To underſtand the operation completely, 
it muſt be remarked, firſt, that the fore as 
well as hind feet of theſe animals are- divided 
into ſeveral toes, by the help of which the 
male draws the eggs out of the vent of the 
female. 

Secondly, that theſe animals copulate like 


frogs, 1. e. the male gets upon the female's 
back, and embraces her with his fore feet. 


In the frog the feet are long enough to claſp 


the female completely, whereas in the toad 
they reach only to the ſide of the breaſt; 
againſt which the animal preſſes with ſuch 
torce, that an ecchymoſis often takes place 
before he quits his ſituation. 

I muſt obſerve in the third place, that the 
eggs of this ſpecies of toad conſiſt of a ſtrong 
membranous cover, within which the em 
bryo is contained. The eggs are about two 
lines long, and of an oblong ſhape; they are 

connected 
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now and then ſtop ſuddenly, and look at me 
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connected by a ſhort and ſtrong cord. A ft 


pretty juſt idea of theſe eggs may be con- vi 


veyed, by comparing them to a necklace, of n 
which the beads lie at about half their own V 
length from each other. They are diſcharged n 
at the vent, becauſe the receptacle in which t] 
they were contained, opens into the lower part b 
of the retum. - _ * t 


There is reaſon to ſuppoſe, that the firſt q 
ego is expelled by the exertions of the fe- 


male, and that the male extracts the reſt. m 
He performs his office with an addreſs that tl 
one would not expect in an animal naturally ſi 
fo aukward. When his motions drew my tl 


attention, he had extracted the ſecond, and 01 
was endeavouring to extract the ſucceeding V 
egg. The firſt was fixed between the toes Cc 
of the right foot, by the filament which 
connects it with the ſecond, and it was by 
ſtretching out the foot, that he drew them 
from the anus of the female, which con- 
tinued motionleſs during the whole time. 
He tried to lay hold of the cord with his left 
foot, and made ſeveral attempts before he 
ſucceeded. My preſence undoubtedly ſome- 
times drew off his attention: for he would 


with an air expreſſive either of inquietude or 
| | 2» ent: 


E 
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fear: then he would reſume his employment 


with freſh alacrity, and ſoon. relax again ſo 


much in his ardour, as to ſeem irreſolute 


whether he ſhould proceed or not. The fe- 
male alſo teſtified her diſquiet by movements 


that diſturbed the operations of the male, 
but ſne never ſeemed deſirous of returning 
to the ſtation under the ſtone which ſhe had 
quitted. 


At laſt, whether "EA my filence 1 im 


mobility, or from the urgency of the caſe, 
the female became ſtill, and the male re- 
ſumed his employment: he ſoon laid hold of 
the cord with his left toes, and now drew it 
out with both feet, by extending them gently. 


When he had ſtretched them out as far as he 


could, he withdrew the left foot, without 


quitting the eggs that adhered to it, and con- 


tinued to extract with the right alone. But 
here his difficulties recurred a ſecond time. 
The portion of cord that lay between the 
middle. fingers of the right foot, often pre- 


vented him, from getting hold of a new part 


of the cord with that foot. He made ſeveral 


efforts without ſucceſs, and ſtopped of a 


ſudden oftener than once. I was afraid, that 
the movements of my head were the cauſe 
of tut interruptions, and I then fat mo- 

tionleſs, 


— 


i 
| 
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tinilets, and held in my breath. Sometimes 


I was inclined to attribute them to the diffi- 
culty of the operation itſelf ; this tempted 


me to aſſiſt the animal, but I forbore, for fear 
of breaking off the proceſs. My attention 


had hitherto been divided between two ob- 
jets; while, on the one hand, I admired 
the dexterity of the male, I watched on the 


other, whether he bedewed the eggs with 
ſemen as he extracted them, but as yet J 


could not ſee any appearance like this, though 
it ſeemed abſolutely neceſſary to the fecunda- 
tion of the eggs, and was, at the ſame time, 
the chief object of my curioſity: I thought 
the want of light might prevent me from 
ſeeing it, and therefore, at all hazards, ſet 
them on my hand, that I might inipect them 


more cloſely. 


This change of ſituation put a ſtop to the 
procedure of the male fo? a few moments; 


but the urgent neceflity for delivering the 


female, doubtleſs made him collect courage 
to refume his employment. I now tried 
only to obſerve, whether the male impreg- 
nated the eggs as he drew them out; but 


3 notwithſtanding all my ſolicitude to' ſee 


a phenomenon, of which the water- 
newt had before furniſhed me with an 
example, 
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example (a), I could not perceive any thing 


like what I expected. The evening now 
cloſed in, and after obſerving them for 
about half an hour, I was forced to ſet them 
down in the place from which I had ben 
mem. 

My meeting with theſe Ae was one of 
thoſe fortunate occurrences, of which a na- 
turaliſt alone can eſtimate the value. It af - 


forded me the view of a fact, ſingular and 


hitherto I believe unnoticed. The aſſiſtance 
yielded by the male I faw diſtinctly; but it 
was quite otherwiſe with reſpect to the other 
part of the obſervation. I could not, with 
all my attention, perceive any thing like what 


Swammerdam ſaw in frogs, viz. that after 


forty days of coition the male impregnates the 
eggs as the female diſcharges n by be- 
dewing them with ſemen. 


Though I could not perceive this irrora- 


tion, yet there is reaſon to ſuppoſe, not only 
that it is neceſſary for the fecundation of this 
ſpecies of fry, but alſo that it takes place in 


(a) The female newt is impregnated without coition. 'The 
male keeps at about the diſtance of an inch above the female, 
and throws out the ſeminal liquor upon her ſides, which ren- 
ders the water a little turbid. This obſervation is to be found 


at the end of the firſt volume of my tranſlation of the Edin- 


burgh ys. | 
4 the 
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the Sava manner as in the frog. The exact 
conformity between the ſtructure of the in- 
ternal parts of theſe animals, between their 
mode of coition and their embryos, which 
in each kind paſs through the ſtate of tadpole 
before they attain the form of frog or toad, 
ſtrongly confirms this conjecture. I ſhould 


therefore ſuppoſe, that the male performs 


this function at ſome other time. He pro- 
bably, as well as the frog (a), bedews all the 
eggs at once, which he can not accompliſh 
when he has them entangled about his feet. 
In truth, the waſte would be too great if he 
impregnated them ſucgeſſively, and in this 
caſe a great quantity of ſemen would fall on 
the ground, and my hand, upon which the 
male operated for about a quarter of an hour, 
muſt have received ſome. 

This obſervation. apprized me of a an 
I had formerly committed. During the two 
laſt years of M. Duverney's life, J afliſted 
him in his anatomical labours; and I had 
once occaſion to ſeek by candle-light for 
newts, which the heat and drought of the 
ſeaſon confined in their places of retreat in 
the day-time. Near a reſervoir, conſiſting 


(a) How far this ſuppoſition is to be admitted, the reader 
may learn from the firſt of the preceding diſſertations. T. 
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of a barrel that projected eight or ten inches 
above the ſurface of the ground, I perceived 
toad of the ſpecies above-mentioned, with 
a bundle of eggs on his back. The animal 
traverſed round the barrel to no purpoſe ; 
the edge was too high for him to diſcharge 
his burden into the water. I took it up with 
an intention to relieve its diſtreſs, by throw- 
ing it into the water; in an inſtant. I felt 
ſomething move in my hand, and u 
bringing the light near I perceived ſeveral 
little tadpoles juſt come out of their enve- 
lope; they were very lively, and as full 
formed as tadpoles of frogs that have loſt 
their tail, and which conſequently have 
quitted their cover fifteen days. The cord 
ff eggs was ſo entangled in the hind feet, 
that the animal could make but very ſhort 
teps. At that time I ſuppoſed it to be the 
female, but the obſervation which 1 have 
now related proves, that it muſt have been 
the male which is charged with the cares that 
ittend incubation. Nature, in the preſent 
inſtance, has divided the toil that relates to 
the progeny equally between the two ſexes. 
The female has the burthen of the eggs be- 
fre delivery, and likewiſe ſupports the male 


lpon her back, probably for forty days, as 
Vor. II. „ in 


% TT TIDY Io on 


480 .- AB V. 1 M D 1 * 


in the frog and water toad. The male, in 
his turn, delivers the female, and carries the 
eggs, on his back till the time of the exclu- 
fon. of the tadpoles, which happens ſooner 
or later, according to the ſeaſon, and he 
then depplits them in a proper place: He 
throws himſelf into the firſt water he meets, 
and, is frequently the victim of paternal at- 
tention. If he gets into a place whence he 
cannot eaſily find his way out, he periſhes 
in a few. days, as I have ſeen in may 
inſtances. This ſpecies, which Ol. 
cobæus conſiders as the Rana phrynoides of 


- Gefner, and which ſome authors call Ru. 


Beta minor, in order to diſtinguiſh it from 
the common toad, which. they denominate 
Rubeta major, is incapable of living in water 
after he has once quitted it, He paſſes 
the former part of his life in water, and the 
latter upon dry land. This, according to 
Geſner, was known to the ancient naturaliſts, 
who aſſert the fans. thing of the common 

frog. 
i ſpecies here wit quits his en- 
velope in the form of a tadpole without 4 
tail; at this time it has gills, and lives in 
water like fiſhes: there it continues till the 
gills begin to. be. effaced, which happens 26 
| 4 33 ©4608 
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ſoon as the fore- feet burſt through the mem- 
brane which contained them: when the ani- 


mal can walk or jump it ſeeks a different ele- 


entirely effaced. 
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DiscovERIEs ON THE SEX OF BEES, Ex- 

-  PLAINING THE MANNER IN WHICH 

- THEIR SPECIES IS PROPAGATED ; 
WITH AN ACCOUNT OF THE UTILITY 
THAT MAY BE DERIVED FROM THOSE 
DISCOVERIES BY THE ACTUAL APPL1- 
CATION OF THEM TO PRACTICE, BY 
MR. JohN DEBRAW, APOTHECARY ro 
ADDENBROOK'S HOSPITAL AT Cau- 
BRIDGE, AND MEMBER OF AN OEC0- 
-NOMICAL SOCIETY IN THE PRINCI A- 
LITY oF LIEGE, IN \WESTPHALIA. 
CoMMUNICATED BY THE Rev. Nevil 

erer, | Bo: o. Fo R. 8. AND 
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Reap Nov. 21, 1770. 
T* E republic of bees has at all times 


gained univerſal eſteem and admira- 


tion: their culture, an obje& ſo worthy of 


our attention, has attracted and ſtill does en- 
gage that of many of the learned, and has 
arrived at a conſiderable degree of improve- 
ment of late years; but their mode of pro- 


 pagating t TG, — to this day to 
8 | have 
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have baffled the ingenuity of ages in their 
attempts to diſcover it. The moſt ſkilful 
naturaliſts have been ſtrangely miſled in. 
their opinion, that the bees, as well as the 


other tribes of animals, are perpetuated by 
copulation ; though they acknowledge that 
they have never been able to detect them in 
the act. 


opinion, that in this particular they do not 
differ from other animals, obſerves, Apium 
coitus viſus eſt nunquam.” Swammerdam, 
that ſagacious obſerver, having never been 
able to diſcover it, entertained a notion, that 
the female or queen bee was fecundated with- 
out copulation ; that it was ſufficient for her 


to be near the males; that a vivifying aura, 


exhaling from the body of the males, and 
abſorbed 'by the female, might impregnate 
her eggs. At laſt the incomparable Reau- 
mur thought he had in a great meaſure re- 
moved the veil, and brought their manner of 
generating nearly to a proof. This part of 
phyſics has been the principal object of my 
reſearches for ſeveral years paſt, having been 


nſenſibly engaged in it by the pleaſure I took 
in ſo curious an enquiry ; and although this 


purſuit has been attended with more difficul- 
ties and embarraſſments than can be well 
Gg3 | imagined, 


Pliny, who was likewiſe af the ſame 


— 


4534 ² r . u D Ir . 


imagined, I have not been diſcouraged, and MW ron 


have carefully avoided launching, into con- fa 


jectures. To introduce a new ſyſtem in the I opi 
doctrine of bees, which in a great meaſure plu 


- - contradicts all former received opinions, re- ſon: 


quires, previous to its appearance, every ſanc- ¶ aut: 
tion the various experiments, ſucceſsfully re- W mat 
peated, can poſſibly give it. The reſults of WW diſc 


. thoſe experiments, made in all glaſs-hives, WM per: 


which carry with them an intire evidence, fem 
afford ſufficient reaſons to aſſert, that bees il of 
belong to that claſs of animals among i dep 
which, although they have ſexes, a true co- I ftar 
pulation cannot be proved; and that their i the 
ova, like the ſpawn of fiſhes, moſt probably MW its 
owe their fecundation to an impregnation from IM laſt 


the males, as will appear in the ſequel of this mac 


narrative. | bart 

I am not a little leaſed to find, that the not 
celebrated Maraldi had ſuch a notion, and 1 tan 
lament his neglecting to confirm it. He ſays, 1 
in his Obſervations upon Bees, in the Hiſtory Ml mir 
of the Academy of Sciences for the year 2s 
1712, p. 332: © Nous n'avons pu decouvrirfy reſe 
juſqu' a preſent de quelle maniere ſe faite 


tion 
cette fecondation, fi c'eſt dans le corps de E the 
femelle, ou bien fi c'eſt à la maniere des poiſ / wit 
ſons, apres que la femelle, a poſe ſes cuſs WE the: 


h matiere blanchätre dont I uf eſt env! 


ronne 
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ronne au fond de 1alveole peu de temps apres 
{a naifſance, ſemble conforme à la derniere 
opinion,  aufſi-bien que les remarques faites 
re I pluſieurs fois d'un grand nombre d' ufs qui 
e- font reſtés inféconds au fond de l'alveole 
c- Wl autour 1 nous n' avons point vi cette 
e- inatiere.”---** We never yet were able to 
of WW diſcover in what manner this fecundation is 
es, performed; whether it is in the body of the 
de, female, or whether it is after the manner 
cs of fiſhes, after the female or queen- bee has 
ng depoſited her eggs: that liquid whitiſh ſub- 
o- ſtance, with which each egg is ſurrounded at 
er WM the bottom of the cell, a little while after 
bly its being laid, ſeemingly eſtabliſhing this 
om aſt opinion, as well as the frequent remarks 
his WY made of a great number of eggs remaining 
barren in the cell, round which we could 
the not ſee the above-mentioned whitiſh ſub⸗ 
1d 1 ſtance.” 
yi This ingenious naturaliſt; by a nice exa- 
tory mination of the ſtructure of the drones, had; 
yearly as well as Swammerdam, diſcovered ſome 
reſemblances to the male organs of genera- 
tion; and from thence conjectured; they were 
the males of the bee-infe&t; but he owns; 
with the reſt, that he never could diſcover 


them in the act of copulation. 


OT | n 
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Having ſtood the trials of ſo many prying 
eyes in every age, the bees, as has been ob- 
ſerved by an ingenious author, had gained 
the character of an inviolable chaſtity, til 
Reaumur blaſted their reputation. He makes 
the queen no better than a Meſſalina (a); 
though he could ſee no more than what 
would raiſe a mere jealouſy or generate ſuſpi- 

CiOns. | 1 

In order to be the better underſtood in the 
relation of my own experiments on the fe- 
cundation of bees, I here premiſe the out- 
lines of the opinions adopted by the above- 
mentioned naturaliſts on that head. They 

aſſert, that the queen is the only female in 
the hive, and the mother of the next gene- 
ration ; that the drones are the males by 
which ſhe is fecundated ; and that the work- 
ing bees, or bees that collect wax on the 
flowers, that knead it, and form from it the 
combs and cells which they afterwards fill 
with honey, are of neither ſex. 

But of late Mr, Schirach, a German na- 
turaliſt, has given us a very different view of 
' the claſſes that 'conſtitute the republic of 
bees, in an ingenious publication in his own 


language, under the title of The Natural 


(a) vid. juvenal, Sat. vi. ver. 128, 


Hiftory 
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Hiſtory of the Queen of the Bees, which has 


been fince tranſlated into French; an account 
of which has been given in the Monthly 
Review, from which I beg leave to relate 
the author's doctrine with regard to the 
working=bees only; the quality and functions 
of the drones being points which do not ap- 
pear to be yet ſettled by Mr. Schirach him- 
ſelf. . He affirms, that all the common bees 
are females in diſguiſe, in which the organs 
that diſtinguiſh the ſex, and particularly the 
varia, are obliterated, or at leaſt, through 
their exceſſive minuteneſs, .have not yet been 
obſerved : - that every one of thoſe bees, in 
the earlier period of its exiſtence, is capable 
of becoming a queen-bee, if the whole 
community ſhould. think proper to nurſe” 
it in a particular manner, and raiſe it to that 
rank. In ſhort, that the queen-bee lays 
only two kinds of eggs, viz. thoſe that are 
to produce the drones, and thoſe from which 
the working-bees are to proceed. 

The trials made by Mr. Schirach ſeem to 
evince the truth of his concluſions in the 
moſt ſatisfactory manner, fingular as they 
appear to be at firſt fight; and indecd in my. 
own judgment, from the conſtant happy 
reſult of numerous experiments, which I 
began near two years before Mr. Schirach's 

7 2 publication, 


158 1 0 1 A 


publication, and repeated every ſeaſon ſince, 
I am enabled to pronounce on their reality. | 

Chance, I own, befriended © me in that 
_ diſcovery, whilſt 1 was -moſt anxiouſly en- 
deayouring to aſcertain the uſe of drones. It 
was in the ſpring of the year 1550, that I, 
for the firſt, diſcovered what Maraldi had 
only conjectured, I mean the impregnation of 
the eggs by the males; and that I was made 
acquainted with the difference ef; 656 in the 
| drones of males, obſerved by Mataldi in his 
Obſervations upon Bees, inſerted in the Hiſtory 
of the Royal Academy of Sciences for. the 
year 1712, p. 333, in theſe words: 


„ Nous avons trouvé depuis peu Une 


grande quantite de bourdons, beaucoup plus 
petits que ceux que nous avions remarquè 
auparavant, & qui ne ſurpaſſent point la 
grandeur des petites abeilles; de ſorte qu'il 
n'auroit pas été aiſé de les diſtinguer dans 
cette ruche des abeilles ordinaires, fans le 
grand nombre que nous y en avons trouve. 
Il fe pourroit bien faire que dans les ruches 
oh Von n'a pas trouve de gros bourdons, il 
en eſit de ces petits, & qu'ils y aient et con- 
fondus avec le reſte des abeilles, lorſque nous 
ne ſavions pas encore qu'il y en ent de cette 
taille... We have of late found a great 


1 98 of drones, much 2 than thoſe 
: | we 
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we had formerly obſerved, and which do not 
exceed in ſize the common bees; ſo that it 
would not have been eaſy to diſtinguifh- them 
in that hive from the common bees, had not 
the quantity of them been very confiderable. 
It might certainly have happened, that in 
thoſe hives, where we. have not been able to 


number of thoſe little ones, which may have 
been intermixed among common bees, when 
wewereyet ignorant that oy ſuch {mall * 
were exiſting.” | 


Reaumur basel, p. For, of bis Mon 


found drones that were no bigger . the 
18 common bees. 


Ee They have novwithſiending eſcaped: the 


la Wl obſervation of Mr. Schirach, and of his 
il il friend Mr. Hattorf, member of an academy 
ns in Luſatia, who, in a memoir he preſented in 
le the year 1769, annihilates entirely the uſe of 
e. W drones in a hive; and advances this ſingular 
es opinion, that the queen-bee of a hive lays 
'y WM cggs which produces young ones, without 
n- WO having any communication with the drones. 


us For what' purpoſe ſhould wiſe Nature then 


tte WW have furniſhed: the drones with that large 
eat quantity of ſeminal liquor ? To what uſe fo 


N *. 


diſcover large drones, there were a great 


Hiſtory of Inſects, ſays, We have likewiſe 
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large an apparatus of fecundating organs, ſo 


_ deſcribed by Reaumur and Maraldi? 
But I beg leave to remark, that thoſe 

gentlemen ſeem to have drawn too haſty con- 

eluſions from their experiments, in rejecting 


the drones as bearing no ſhare in the propa- 
gation of thoſe inſects. Their obſervations, 
that hives are peopled at a time of the year 


when there are no drones in being, is no 


ways concluſive; as it is evident, that they 


had ſeen none but drones of a large ſize, their 
ſilence on the difference in the ſize of them 
juſtifying my remark. But to reſume the 
narrative of my experiments: I had watched 


my glaſs-hives (a) with indefatigable atten- 


tion from the moment the bees, among 
which I had taken care to leave a lage 
number of drones, were put into them, to 
the time of the queen laying her eggs, which 
generally happens the fourth or fifth day. | 
obſerved the firſt or ſecond day (always before 


the third) from the time the eggs are placed 


in the cells, that a great number of bees, 
faſtening themſelves to one another, hung 
down in the form of a curtain, from the top 
to the bottom of the hive, in a ſimilar manner 
they had done before at the time the queen 


(a) Glaſs-hives were uſed in | preference to boxes, for a put- 
* too obvious to need TG 
depoſited 
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depoſited her eggs; an operation which (if 
we may conjecture at the inſtincts of inſects) 
ſeems contrived to hide what is tranſacting: 
be that as it will, it anſwered the purpoſe of 
informing me that ſomething was going for- 


ſeveral bees, the ſize of which, through this 
thick veil, (if I may ſo expreſs myſelf) I could 
not rightly diſtinguiſh, inſerting the poſterior 


linking into it, where they continued but a 
n WW little while. After they had retired, I ſaw 
de plainly with the naked eye a ſmall quantity 
i of a whitiſh liquor left in the angle of the 
5 baſis of each cell, containing an egg: it was 


ge all, Within a day after, I found this 
to liquor abſorbed into the embryo, which on 
ch the fourth day is converted into a ſmall worm, 

Jo which the working-bees bring a little 
ore honey for nouriſhment, during the firſt eight 
or ten days after its birth. After that time 
they ceaſe to feed them; for they ſhut up 
the cells, where theſe embryos continue in- 
cloſed for ten days more, during which time 


to deſcribe. . 
To evince the reality of this obſervation, 


the 


ward. In fact, I preſently after perceived 


part of their bodies each into a cell, and 


no Les liquid than honey, and had no ſweet taſte 


they undergo various changes too tedious here 


and to prove that the eggs are fecundated by 


/ 
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the males, and that their preſence is neceſſary th: 
at the time of breeding, I proceeded to the MI be. 


next experiments. 'They conſiſted in leaving det 
in a hive the queen with only the common ¶ aft 


bees, without any drones, to fee. whether cel 
the eggs ſhe laid would be prolific. I ac- la 
cordingly took a ſwarm, ſhook all the bees Ml ſec 
into a tub of water, and left them in it till cel 
they were quite ſenſeleſs, which gave me an I! 
opportunity to diſtinguiſh the drones without me. 
any danger of being ſtung. After I had re- cur. 
covered. the working: bees and their queen of 
from the ſtate they were in, by ſpreading duc 
them. on brown paper in the ſun, Þ replaced pie 
them in a glaſs-hive, where they ſoon began inſe 
to work as uſual: the queen laid eggs, which four 
J little ſuſpected to be impregnated, as I cun 
thought I had ſeparated all the drones or WW "Po 
males, and therefore omitted watching the ¶ croſ 
bees; but at the end of twenty! days (the Ml dric 
uſual: time of their hatching) I found to my ¶ liqu 
furprize ſome of the eggs hatched into bees, ald 
others withered. away, and ſeveral of them H 


covered with honey. I immediately inferred Wcrer 


that ſome of the males, having eſcaped my 
notice, had impregnated only part of the 
eggs; but, in order to convince. myſelf « 


the truth of my ſuppoſition, I thought it 


| ny to- take away all the brood-combMWet tl 
that 


bees to: provide a freſh quantity, being fully 


aſter new eggs ſhould be depoſited” in the 
cells. This. was done accordingly,” and at 
laſt the myſtery was unravelled. On the 
ſecond day after the eggs were placed in the 
cells, I perceived the ſame operation Which 
have related in a former experiment; 1 

mean, the bees hung down in the form of a 
85 e While m thruſt the poſterior part 
en of their body into the cells: E then intro- 
ng duced: my hand into the | hive, broke off a 
e piece of the comb containing two of thoſe 
an inſects, and kept them for examination. I 


I comſtance peculiar to drones only) -; and 
or upon diſſection, by the help a Dolland's mi- 
the Wl croſcope, diſcovered in them. the four cylin- 
the MW drical bodies, Which contain the glutinous 
my liquor of a whitiſh colour, obſerved 12 Ma- 
ces, aldi in the large drones. 
hem Having till then never obſerved any dif- 
rred i ference in the ſize of drones, I immediatelß 
my peruſed the memoirs on bees, publiſhed by 
the Meff. Maraldi and Reaumur, and found that 
If olſhey had remarked it frequently. I. have 
nt it nterted, in a preceding page, the ſubſtance 
-omb p their obſervations on that head, as taken 
that; RES, mn 


determined to watch narrowly their motions 


ich found in neither of them any ſting, 6 cir- 


— ——_ 
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from their writings. The reaſon of that 
difference muſt, I doubt, be placed amongſt 
other arcana of nature. I found myſelf, 
therefore, under a neceſſity, in my next 
experiments, to be more particular in deſtroy- 
ing the males, even thoſe which might be 
ſuſpected to be ſuch. 

I once more immerſed all the ſame bees in 
water; and, when they appeared to be in a 
fenſeleſs ſtate, I gently preſſed every one of 
them between my fingers, in order to diſ- 
tinguiſh-thoſe armed with ſtings from thoſe 


which had none, which laſt I might ſuſpet I 


to be males. Of theſe I found fifty-ſeven, 
exactly of the ſize of common bees, yielding 
a little whitiſh liquor on being preſſed be- 
tween the fingers. I killed every one, and 
replaced the ſwarm in a glaſs-hive, where 
they immediately applied again to the work 
of making cells; and on the fourth or fifth 
day, very early in the morning, I had the 
pleaſure to ſee the queen-bee depoſiting her 
eggs in thoſe cells; which ſhe did by placing 
the poſterior part of her body in each of them. 
I continued on the: watch moſt -part of the 
enſuing days, but could diſcover nothing ot 
what I had ſeen before. 
The eggs, after the fourth day, inſtead of 


changing i in the manner of caterpillars, were 
found 
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found in the ſame ſtate they were in the firſt 


day, except that ſome of them were covered 
with honey. But a very ſingular event hap- 
pened the next day about noon: all the bees 
left their own hive, and were ſeen attempt- 
ing to get into a neighbouring common hive, 


engagement. - The manner in which I ac- 
count for this event is as follows: the great 
deſire of perpetuating their ſpecies, which is 


end the concurrence of the males ſeems ſo 
n, abſolutely neceſſary, made them deſert their 
no own habitation, where no males were left, in 


e- order to fix their reſidence in a new one, in 


nd which, there being a good ſtock of males, 
ere Wl they might the better accompliſh their pur- 
ork Wl poſe. If this does not yet eſtabliſh the 
reader's faith of the neceſſity of the males 


the bearing a ſhare in the fecundation of the ova, 
her W the next experiment cannot, I preſume, fail 
zing to convince him. 


ſerved before, had not been impregnated; I 
divided it into two parts; one I placed under 


dee's food; I took care to leave a queen, but 


were no drones, among the common bees I cone 


une Wh vor. II. Hb fined 


on the ſtool of which I found their queen 
dead, having, no doubt, been ſlain in the 


moſt obſervable in theſe inſects, and to which 


I took the brood comb which; as I ob- 


a glaſs-bell, Ne x. with honey - comb for the 


| Head of one, muſt 1 been left 2 the 
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fined in it. The other piece of brood comb 
J placed under another glaſs»bell, N' 2. with 
a few drones, a queen, and a number of com- 


mon bees, proportioned to the ſize of the 
glaſs; the reſt I diſpoſed of as before. The 


reſult was, that in the glaſs, Ne 1. no im- 


pregnation happened: the eggs remained in 


the ſame ſtate they were in when put into the 


glaſs; and, upon giving the bees their li- 
berty on the ſeventh day, they all flew away, 


as was found to be the caſe in the former ex- 
periment : whereas, in the glaſs, N' 2. I ſaw, 


the very day after the bees had been put un- 


der it, the impregnation of the eggs by the 


drones in every cell containing eggs; the bees 


did not leave their hive on receiving their li- 
berty; and, in the courſe of twenty days, 
every egg underwent all the above-mentioned 


neceſſary changes, and formed a pretty nu- 
merous young colony, in which I was not 1 


little ſtartled to find two queens. 
Fully ſatisfied concerning the impregna- 
tion of the eggs by the males, I deſiſted for 


the preſent from any further experiments on 
that head, being exceedingly anxious to en- 


dea vour to account for che n 1 this 


new queen. 


I conjectured, ot either two . in- 


bees 


dees 
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I had placed under that glaſs; or ele, 


_ 08 bees could, by ſome particular means 
of their own, ngen a common lutyec 
into a queen. 


In order to put this to the teſt, I repeated 


the experiment with fome variation. I got 
four glaſs-hives blown: flat, which I thought 
preferable: to the bell-ſhaped ones, I had uſed 
before, as I could with thoſe better examine 
what was going forward. 
brood- comb from an old hive, and, after 


having divided it into ſeveral pieces, I put 


ſome of. them, containing eggs; worms, and 
nymphs, with food, viz. honey, &c. under 
each of the glaſſes; and confined within each 


a ſufficient number of common bees, among 
which J left ſome drones, but took care that LOO 


there ſhould-be no queen. 


The bees finding theraſlyes ons. 4 


queen, made a ſtrange buzzing noiſe, which 
laſted near two days; at the end of which 
they ſettled and betook themſelves to work: 


on the fourth day I perceived in each hive the 


beginning of a royal cell, a certain indication 
that ane of the encloſed worms would ſoon be 


„ into a gucen. The conſtruction of 


the royal cell being nearly accomplithed, I 
yentured to leave an opening for the bees to 


get out, and found that they returned as re- 
H h 2 9 gularly 


I took a large 
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gularly as they do in common hives, and 
ſhewed no inclination to deſert their habita- 
tion, But, to be brief, at the end of twenty 
days I obſerved four young queens _—_ 
the new progeny. 

On relating the reſult of theſe experiments 
to a member of this univerſity, well conver- 
fant in the natural hiſtory of bees, he deemed 
it neceſſary that they ſhould be repeated, in 
order the better to eftabliſh the truth of a 
fact, ſeemingly ſo improbable, that the eggs, 
deſtined by Nature to produce neutral or com- 
mon bees, ſhould be transformed into females 
or queens. He ſtarted an objection to me, 

which, by the publication of Mr. Schirach 
appearing a little time after, ſeems to have 

been pointed out to that author alſo by Mr. 

Withelmi, his brother-in-law, namely, that 

the queen- bee of a hive, beſides. the eggs 

which ſhe depoſits in the royal cells, might 

alſo have laid royal or female eggs, either 

in the common cells, or indiſcriminately 
throughout the different parts of the hive. 
He further ſuppoſed, that in the pieces of 
brood- comb, which had been ſucceſsfully 
employed in the laſt experiments for the pro- 
duction of a queen, it had conſtantly hap- 
pened, that one or more of theſe royal eggs, 
Is of 
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er rather the worms proceeding from them, 


had been contained. 


But the force of his objection wi was 5 removed | 


ſoon after, by the ſame ſucceſs having at- 


tended a number of other experiments which 


I ſince made, an account of which would 
take up too much room here; and this Gen- 
tleman, together with Mr. Schirach's bro- 
ther-in-law, was at laſt brought to admit, 
that the working-bees are inveſted with a 
power of raiſing a common ſubject to the 


throne, when the community ſtands in need 
of a queen; and that accordingly every worm 


of the hive is capable, under certain circum- 
ſtances, of becoming the mother of a genera- 
tion: that it owes its metamorphoſis into a 


queen, partly to the extraordinary ſize of the 


cell, and its particular poſition in it; but 
principally to a certain nouriſhment appro- 
priated to the occaſion, and carefully ad- 
miniſtered to it by the working-bees while 
it is in the worm-ſtate, by which, and poſ- 
fibly other means as yet unknown, the de- 
velopement and expanſion of the germ of the 
female organs, previouſly exiſting in the em- 
bryos, is effected, and thoſe differences in its 
form and fize are produced, which after- 
wards ſo remarkably diſtinguiſh the queen 


from the common working-bees. And finally 
Hh 3 | it 
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ir appears evident, from the experiments 
made by Mr. Schirach and myſelf, that the 
received opinion, that the queen lays 4 parti- 


cular kind of eggs, appropriated to the pro- 


duction of other queens, is erroneous. I am 


not a little flattered with the ſimilarity of my 
diſcoveries with N 84 of the ingenious Ger- 
man naturaliſt, in proving the ſex of the 


common bees, uh we ſo widely differ 


in what relates to the uſe of the males, whom, 
as we have ſeen before, he imagines to be 
quite uſeleſs. I am alfo not a little pleaſed 
to find, that our experiments on the produc- 


tion of a queen from a common yo agree 


bs 


ſo well. 

I ſhall now beg are to point out the ad- 
vantage that may accrue to the public from 
theſe: obſervations, which is that of forming 


artificial ſwarms or new colonies ; or in other 


words, of furniſhing the means to bring on 
a numerous increaſe of thoſe uſeful inſects: 


an object of . ſome importance to this king- 


dom, as being the only means to prevent the 
annual exportation of confiderable ſums in 
the purchaſe of wax, a great quantity of which 
is loſtevery ſeafon for want of keeping up a 
ſufficient ſtock of bees to collect it. 

The practice of this new art, Mr. Schirach 


tells us, Tas already extended itſelf through 


Upper 


. «. 
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Upper Luſatia, the Dalacinate, Bohemia, " "i: 
varia, Sileſia, and even in Poland. In ſome - 
of thoſe countries it has excited the attention 
and patronage of government; and even the 
empreſs of Ruſſia has thought it of ſuch im- 
portance, that ſhe has ſent a perſon to Klein 
Bautzen, to be inſtructed in the general prin- 
| ciples, and learn all the minutiæ of this new 
art. 

The narrow limits of this paper 40 not per- | 
; mit me here to give an account of Mr. Schi- 
| rach's ingenious obſervations. I beg leave 
to refer the' curious reader to the work itſelf, 
which, with the reviewers, I wiſh was tranſ- 


gs 


4 lated into the Engliſh language, as it contains 1 
many particulars highly deſerving the notice 1 
of the ſpeculative naturaliſt, as well as of 1 
thoſe who cultivate bees nr for profit o or = 
a amuſement. LIE r Gl " 
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. FROM THE 


ABBE SPALLAN ZANI, 


1 


' 07k | 
MARQUIS LUCCHESINI, 


CHAMBERLAIN To THE King of PRussia, 


WAS ſome time ago favoured, by your 

means, with a letter from the king. I 
had before been agreeably ſurprized by the 
repeated inſtances of eſteem and kindneſs, 
with which that great monarch has con- 
| deſcended to honour me at different times: 
but I now feel much greater ſatisfaction than 
ever, on account of his gracious acceptance 


of my laſt publication (a), which I humbly 
1 (a) His Diſſertations. 
| offered 


al lars t 


offer 


com 
the 
un w 
parti 
the: 
firſt, 
of ſe 


ſerva 


genef 
exiſt, 
whic 
ticul; 
anim 
on hi 
expre 
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of at 
analy 
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ble, 
colon 
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of all 
nov 
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offered him by you. An conſequence of his 


command you made. an extract, which he had 
the goodneſs to read, and to conſider as not 


unworthy. of his royal approbation. Two 
particulars, you inform me, eſpecially drew 
the attention of this acute philoſopher : the 
firſt, my diſcoveries reſpecting the generation 
of ſeveral amphibious animals. By theſe ob- 
Wl {rvations he thinks, that the doctrine of Epi- 


exiſtence of germs eſtabliſhed, an opinion to 
which he is much inclined. The other par- 
ticular is, the artificial fecundation of various 
animals. This made the deepeſt impreſſion 
on his mind, as I colle& from your following 
expreſſions; © But no part of your book ex- 
cited ſuch aſtoniſhment as that which treats 
of artificial fecundation. On reading the 
malyſis of it he thought of a thouſand expe- 
iments, worthy of the notice of the natura- 
liſt, as to extend the diſcovery from porticu- 
af lars to general, and to enlarge, if it be poſſi- 
ble, the kingdom. of animated nature by new 
colonies of various ſorts of mules.” . Theſe 
two views are certainly the moſt intereſting 
all which natural philoſophy affords; but 
| now conſider them as more intereſting than 
ner, fince they have appeared fo agreeable in 


lic eyes of this philoſophic king, With re- 
ſpect 


genes is fully confuted, and that of the pre- 


VVV 


1 Woot detain you with the particulars of my new 
„Jodſervations on the artificial fecundation of 
u amphibious animals, for the- abundance 


matter is ill adapted to the limits of a letter. 
| will rather take the liberty of doing it, 


om my journals the ſum of my obſervations, 
n order to compoſe a ſupplement to any 1 55 

lication on that ſubject. 

Meanwhile, I paſs on to the artificial fe- 

undation of quadrupeds, concerning which 

will obſerve to you, that I feel the greateſt 

tisfaction at finding that my ſentiments do 


hen I ſucceeded in the artificial fecunda- 
on of a bitch, meditating with ſurprize 
won my diſcovery, I conceived that it might 
e an excellent way to procure, if the thing 
e poffible, different ſorts of ſtrange mules, an 
ka in which my illuſtrious friend Mr. Bon- 
ct, to whom I uſually firſt communicate my 
xweriments, concurred. Hence I reſolved 


number of female quadrupeds, as cats, 
tches, rabbits, and to try to fecundate them 
ih the ſeed of ſome different ſpecies, at the 
aſon of their amours. I hkewiſe communi- 
ted this idea to Dr. Roſſi, a celebrated Pro- 


put 


hen I ſhall have ſufficient leiſure to extract 


ot differ from thoſe of your ſovereign. 


provide myſelf, at my convenience, with 


For in the tobe that he might 


” 
. nn 
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put it in practice: Dr. Roſſi, as you perhaps 
know, is the naturaliſt, who laſt year re 
peatzd, with ſucceſs, my experiment on the 
artificial fecundation of a bitch. Toward 
the middle of laſt November, when I returne 
to the univerſity of Pavia, I procured tw 
cats, one two years old, which had one 
brought young, the other eleven months ol 
and which had never produced. Both ha 
the liberty of my chamber, but they coul 
not get out, nor was any male ever permittec 
to enter: there was only in the fame apart 
ment a little ſpaniel three years and a ha 
old, the fame which had furniſhed the pro 
life liquor that fecundated the bitch. T 
older cat was firſt in ſeaſon; this fell out o 
the za of December: inceſſant loud ctie 
ſufficiently expreſſive of her wants, afforde 
a clear proof, that ſhe now began to ſeek an 
to invite the male. Being unable to fatis 
her defires by means of a male of her oy 
| ſpecies, and being by nature, like all othe 
female cats, exceedingly ſalacious, ſhe forth 
preſent forgot her antipathy to the dag-kind 
and did not heſitate to approach the ſpanie 
and to invite him, by ſtroaking his belly, an 
reiterated careſſes; but he, without eithe 
hurting the cat or flying, never conſented! 


her wiſhes, though he was of a very volu 
| tuo 


ous diſpoſition ; he would ſmell her, and 
hen turn with indifference another way. 
he third day after the appearance of theſe 
ons, I tried to fecundate my cat artificially 
mth twenty-two grains of ſeed, furniſhed by 
he fame dog. The ſame means and precau- 


e bitch. But having obſerved that the fe- 
les of this ſpecies receive the male many 

mes, I was not fatisfied with a ſingle injec- 

jon, but repeated it thrice more before the 
at went off her heat, which happened on the 
ith of December; I kept her confined 
long with the orien, as in a former 2225 

nent, | | 

You may conceive my anxious ex pedation 
the reſult of this unattempted experiment. 


ic, and ſhould the young partake, both in 
m and manners, of the female which con- 
ed them, and the male that furniſned the 
, 1 fancied, that the moſt ſingular mules, 
d ſuch as had never been before ſeen , 
ould now be produced. With reſpect to 


e, that of an animal ſuſceptible of educa- 


maſter ; ; 


JJ 


ons were employed as in the experiment on 


hould any one of my injections prove pro- 


nners, two moſt oppoſite natures would 
kneaded together and be confounded; the 


n, full of courage, abilities, and ſentiment, 
dur, all affection „ all obedience to his 


— - 
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"Malo the caſe with the other, though the ex- 
ud pcriment was made ſo long before. We 
know, that theſe animals bring forth in 


about 5 5 days, and bitches in antpe chase at 
fartheſt, 


the attempt, impracticable, for I think that, 

to warrant ſuch an aſſertion, a greater num- 
ber of trials is neceſſary. Theſe two experi- 
ments, however, may juſtly render us miſ- 
truſtful of any that ſhall be hereafter attempt- 
ed; I ſhall not be ſurprized if they ſhould 
prove unſucceſsful, conſiderin g the widely 
liferent nature of theſe animals. But ſhould 
this really happen, we ought not to be diſ- 
contented, ſince Nature has thus replied to 
our interrogatories ; and her reſponſes, what- 


us, as they ſerve to increaſe the ſtores of uſe- 
ful knowledge. Further, the failure of theſe 
attempts, ought not to prevent us from making 
others upon animals differing 1 in their nature. 


ſecundate every ſpecies of animal. This li- 
quor, on which depends the perpetuity of the 
ſpecies, muſt have a certain relation with the 
embryos to be fecundated; and it is natural 
to ſuppoſe, that ſuch a relation does not be- 
long to all kinds of ſeed. But it is allo true, 


that 


1 would not, 3 pronounce 


ever they may be, ſhould be held precious by 


It is true, that every kind of ſeed will not 


ſubfiſt. The very experiments which at firſt 
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that we can only learn from the effects, that 
is from experiment, when this relation does 


ſeemed contrary to the production of ſuch 
and ſuch mules, when repeated in a better 
manner, proved favourable to it. Buffon 
deſtroyed our hopes of procuring mules, by 
keeping rabbits and hares together, ſeeing 

that in the experiment he adduces, the one 
| ſpecies never copulated with the other. But 
this conjunction has been effected by other 
hands (4), and hence hare-rabbits have been 
procured. A dog and a ſhe-wolf, kept to- 
gether for a long time by the ſame author, 
never ſhewed any ſign of mutual attention. and 
But the experiment, when repeated by others, 
had a very different-degree of ſucceſs. The 
mules that were by theſe means produced pro-W loſo 
pagated their kind (3): Buffon failed in the 
fame manner with reſpect to dogs and foxes: 
this experiment has not, as far as I know, 
been repeated by others. I ſhould think, 
that in more expert hands, it would have bee 
attended with a more fortunate reſult. But 
in the race of mules, there is nothing per- 
haps ſo curious and ſurprizing as on famous 


(a) In thoſe of the Abbe Amorerti. 
() Bennet (Euvres, T. 3. 


| Jumart 


gart 
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Jumart. Three varieties, you know, are 


enumerated, the offspring of the bull and 
mare, the aſs and cow, and the bull and ſhe- 
aſs. Leger and Shaw admit the exiſtence of 
all without heſitation; but Buffon, in his hiſ- 
tory of animals, reckons them all imaginary. 


Yet in his ſupplement, he does not abſolutely 


deny the poſſibility of their exiſtence, though 
he doubts it much. But in truth, the 


French Pliny was miſtaken. Mr. Bourge- 
lat, formerly inſpector- general of the E cole 


Veterinaire at Lyons, in a letter to the il- 
luſtrious Bonnet, expreſsly ſays, that he had 
been in poſſeſſion of ſeveral of theſe Jumarts, 
and that one was diſſected under his in- 
ſpection in the ſchool at Lyons; and he com- 
municates the reſult in his letter to the phi- 
loſopher of Geneva (a). The authority of 
this celebrated and ingenuous perſon, merits 
the utmoſt deference. Aſſuming then the 


exiſtence of this ſingular fort of mule, I 
could wiſh that they ſhould be multiplied 


much more than they have hitherto been, 
both becauſe they are well adapted to throw 
fuller light upon the great function of gene- 
ration, and becauſe they may poſſibly prove 


(a) 1. e. 


Vor. II. Ii 1 faid 


highly advantageous to mankind, as they are 
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| faid to have been poſſeſſed of extraordinary 


ſtrength. Natural fecundation, tho' ſtudi- 
ouſly attempted, would not very fully accom- 


pliſh this object, on account of the indif- 


ference, or rather the averſion of quadrupeds 
of various forts to copulate together, eſ- 


-pecially when they happen to be placed at a | 
great diſtance from each other. 


Theſe il- 
legitimate marriages take place only, when 


the aſs or the bull cannot find the means of 


fatisfying their deſires upon their own ſpe- 
cies, and are moreover uncommonly ardent, 
Artificial fecundation, properly performed, 
would be moſt convenient in this caſe. [ 
will add, moſt reſpectable Marquis, that! 
am well diſpoſed to put it in practice; but 
my public and private engagements have 
hitherto prevented me, as alſo the expence, 


for I will openly acknowledge it, of keeping 


theſe animals for ſeveral months, to which 
the narrow income of a philoſopher is not 
very adequate. Hence I made application 
to a rich perſon in Lombardy, to aſſiſt me in 
' theſe experiments; but he was inſenſible to 
the propoſal, a circumſtance which did not 
ſurprize me, as it certainly will not ſurprize 


au, who know, that the nobility in many 


Cities of Italy are not very friendly to ſcience 


and literature. In order to ſatisfy my wiſhes, 


J ſee 
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I ſee no better expedient, you will excuſe my 
philoſophical freedom, than that of apply- | 
ing to you. The high honour you enjoy, in 
poſſeſſing a ſtation in the court of one of the 
greateſt princes upon earth, ſuitable to your 
eminent virtues and valuable endowments, 
of a prince, who is at once the delight of his 
happy kingdom, and the great protector of 
letters and learned men: your ardour for na- 
tural philoſophy, and for whatever has a ten- 
dency to ennoble and advance it; your cloſe 
connection with our famous royal academy of 
ſciences and polite literature at Berlin, which 
is ſo deſirous of enlarging the limits of this 

noble branch of knowledge, by the ſure gui- 

dance of accurate experiments: theſe favour- 

able circumſtances afford me hopes, that you 

will not refuſe to ſecond my wiſhes. I am 

willing to believe, that you will chooſe the 

moſt advantageous moment to ſpeak to your 

ſovereign of this curious project; nor do I 

deſpair of his encouragement, ſince it may, in 

ſome ſort, be termed a thought of his own. 

But enough of this. I proceed to another 

ſubject. 


[The remaining part of this letter, having 
no connection with any topic treated in the fore- 
going Diſſertations, is omitted.] 
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SPALLANZANI having adverted, in more 
Paſſages than one, to the FECUNDA T1oy 
or FisHts, Mr. FERRIS was induced to 


ſend the following OBsERVAT10N to the 
Editor of the Journal de Phyſique. 


; AT hs age of about fourteen or fifteen, 
he happened to be on the bank of a 
river e e in fiſhes. The ſtream was 
rapid, but the water was fo ſhallow and clear, 
that at about the depth of two feet, he ob- 
ſerved two falmons ſtirring the ſand with 
their tails, which were turned to each other. 
They made a hole in the ſhape of a funnel, 
over which the female placed the extremity 
of her tail, and diſcharged a quantity of red 
liquor: her place was then immediately taken 
by the male; who, in the ſame poſition, e- 
mitted a conſiderable jet of white liquor. 
They then in concert covered the hole with 
ſand and parted. 5 
This obſervation is ſucceeded by a paper, 
copied from Mr. Duhamel's work on fiſhes 
and fiſheries, on the mode of producing fal- 
mons and trouts, as it is practiſed on the 
banks of the Weſer. It is not ſurpriſing that 


an 1 eflay, written chiefly with cconomical 


views, 
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views, ſhould not in every reſpect ſatisfy the 
curioſity of the philoſopher. A box or cafe 
of wood is directed to be made with an aper- 
ture towards the bottom of two oppoſite | 
fides. The aperture is to be ſecured with a 
erate of iron. The bottom is to be covered 
with ſand and gravel, and a gentle ſtream is 
to be brought through the box. In No- 
vember, when the ſalmon repairs to brooks 
and rivulets, in order to propagate the ſpe- 4 
cies, a female is to be held by the head over # 
a bucket. of clean water. If the eggs be 
quite mature, they will drop out of them- 
ſelves; or if they ſhould not, gentle preſ- i 
ſure on the belly will bring them out. The | 
male is to be treated in the ſame manner, and 
when the ſurface of the water appears white a 
with milt, the operation is finiſhed. The eggs * 
are now to be carried to the box. Some- * 
. fines the young are formed in five weeks, 
r. and may be ſeen to move in the egg. They 
ch may be diſtinguiſhed by their eyes, which 
are black, while the other parts are yet dia- 
er, phanous: in eight days afterwards they break 
ges chrough the ſkin or membrane of the egg. 
5 This period, however, varies with the tem- 
te perature of the water, and of the atmoſphere, 
hat and is ſometimes prolonged to ten weeks. 
ca While the young fry is growing in the egg, 
Fi? a fine 
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a fine pellicle, diſtin& from the external mem- 
brane, may be obſerved; to this pellicle the 
little faſh is attached; it forms a ſac round it. 
The fac fills almoſt the whole capacity of the 
egg, and ſerves the fetus for à ftomach and 
bowels, The firſt feeds upon the matter con- 
tained in it four or five weeks after it is hatch- 
ed. During this time the mouth, which is 
at firſt ſhapeleſs, gradually elongates; after- 
wards the ſac totally diſappears, and the ani- 
mal aſſumes its perfect figure. | 

The ſame method is ta be obſerved with 
reſpect to trouts, but their eggs are not ma- 
ture till December and January. 

The author obſerves, that fiſhes do not co- 
pulate, and that fecundation is external. He 
procured from a trout ſome eggs perfectly ma- 
ture, and took the utmoſt care of them, but 


he put no milt upon them, and they all ſpoiled 


without producing a ſingle young fiſh. 


Among the trouts produced according to 


the method above-deſcribed, there appeared 
many varieties of monſters; the author ex- 
plains theſe phznomena from Lewenhoeck's 
hypotheſis concerning the ſpermatic worms. 
But the moſt curious experiment in this 
paper is . the following. The author took 
the mature eggs out of a trout, which had 
been dead four days, and which was now 


very 


\ 
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very putrid and offenſive. He covered them 


with the milt of a living male, and the pro- 


duce of fry was as abundant, as if the eggs 


had been furniſhed by a living female. 

He next propoſes to fecundate the eggs of 
the trout with the milt of the ſalmon, and 
reciprocally. He pretends, that certain wa- 
ters, and a particular kind of food, will con- 
vert trouts into ſalmon-trouts. _ 

He aſſerts, that the eggs of both theſe 
ſpecies infallibly periſh, if any impurity ad- 
heres to them, or if they lie long upon the 
ground: hence he deduces the final cauſe of 
their depoſiting their offspring upon the gra- 
velly bottom of rivulets, in places where the 


ſtream is continually freeing them from im- 
purities. 
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a fine te diſtinct from the external mem- 
brane, may be obſerved; to this pellicle the 
little fiſh is attached; it forms a ſac round it. 
The ſac fills almoſt the whole capacity of the 
egg, and ſerves the fetus for a ſtomach and 
bowels. The firſt feeds upon the matter con- 
tained in it four or five weeks after it is hatch- 
ed. During this time the mouth, which is 
at firſt ſhapeleſs, gradually elongates ; after- 
wards the fac totally diſappears, and the ani- 
mal aſſumes its perfect figure. 
The ſame method is to be oberied with 
reſpect to trouts, but their eggs are not ma- 
ture till December and January. 
The author obſerves, that fiſhes do not co- 
pulate, and that fecundation is external. He 
procured from a trout ſome eggs perfectly ma- 
ture, and took the utmoſt care of them, but 
he put no milt upon them, and they all ſpoiled 
without producing a ſingle young fiſh. 
Among the trouts produced according to 
the method above-deſcribed, there appeared 
many varieties of monſters; the author ex- 
plains theſe phznomena from Lewenhoeck's 
hypotheſis concerning the ſpermatic worms. 
But the moſt curious experiment in this 
paper is the following. The author took 
the mature eggs out of a trout, which had 
been dead {our days, and which was now 
ver 
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very putrid and offenſive. He covered them 
with the milt of a living male, and the pro- 
duce of fry was as abundant, as if the eggs 
had been furniſhed by a living female. 

He next propoſes to fecundate the eggs of 
che trout with the milt of the ſalmon, and 
reciprocally. He pretends, that certain wa- 
ters, and a particular kind of food, will con- 
vert trouts into ſalmon- trouts. 

He aſſerts, that the eggs of both theſe 
ſpecies infallibly periſh, if any impurity ad- 
heres to them, or if they lie long upon the 
ground: hence he deduces the final cauſe of 
their depoſiting their offspring upon the gra- 
velly bottom of rivulets, in places where the 


ſtream is continually freeing them from im- 
purities. 
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cxxxiv. Seed nd Juice of the teſticles does not loſe 


their prolific e when incorporates with other li- 
cxxxV. Tadpoles wes . power of being fecun- 


dated and evolved, after continuing for a certain time 
in the dead uterus 5 "$96. 
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exxxvir. The male; bedews with ſeed only thoſe tad 


poles which have juſt fallen into the water. Fecunda- 
tion in frogs and toads very different Hon that of 


blhes, according to the common opinion | 190 
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ARTIFICIAL FECUNDATION OF THE TREE-PROG, AND 
THE -GRREN AQUATIC FROG, 


cxxxy111; The ſmall number of tree-frogs i in the au- 
thor's poſſeſſion, confined him to a few experiments 
Deſcription of the genitals of the male of the green 


aquatic frog - - 182 
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ments of this kind, as the un aquatic frog. Uſeful 


precautions — a 195 
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eryin. Whether this holds in other animals. We have 
not data ſufficient to ſolve the queſtion with certainty, 
how to procure them | 217 
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f ef- Wear the ſeed of frogs fecundate the young of toads, and 
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ng! Wixi, Eggs of the moths produced by the ſilk- worm, 
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The ovarium of 8 choſen by the author as H cer 
7 object of his reſearches, and 22 885 to ſuſf 
examined at three periods - Var 
11. Seeds of the ſpartium junceum exiſt long before p Ni. £ 
cundation, Hough the N and lobes do not ap lon 
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an Neahebce do they appear in ſeeds FISH to be * ® 
daated, or at the time they are fecundated, - 31M lyse 
iv. A cavity begins to form in the feeds, ſome time af the 
ter the falling of the flowers, and in this appears a lit the 

| tle body, at firſt ſhapeleſs, but afterwards known to parc 
the plantule and lobes. Attachment of this body ti ape) 
the ſeeds, Further evolution of them, the plantulWÞziti. 
and lobes - - Jl ber. 
v. Conſequences from theſe experimaſats; which ſhe opp, 
that the integuments of the ſeeds appear before fecu pear 
dation, but the plantule lobes not till afterwards 3 tery 
vi. The ſeeds alſo of beans exiſt in the ovarium betorl obſe 
fecundation. Cavity is formed afterwards. Appear Nat 
ance and evolution of the plantule and lobes, mucilagWxiv. I 


nous filament which connects the ſeeds and plantule ii fore 
vII. The ſame phænomena * in peaſe and kidneſ plan 
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x US, RAPHANUS SATIVUS, CICER ARIETINUM, IXIA 
cCHINENSIS, DELPHINIUM CONSOLIDA, CUCURBITA 
prPO, CUCUMIS SATIVUSs EXAMINATION OF THE 
POWDER OF THE STAMINA, | X 


going plants. More points of connection between 
the ſeeds and plantule on 326, 327 
x. Exiſtence of the ſeeds of the Ixia Chinenſis before fe- 
cundation. A cavity begins to form in the ſeeds about 
the time of fecundation, full of a liquor which is gra- 
dually inſpiſſated, and at length becomes hard, without 
ſhewing any appearance of plantule and lobes. "The 
enquiry left unfiniſhed, for want of ripe ſeeds ' 328 
1. Appearances nearly reſembling thoſe of the Ixia 
Chinenſis, in the Delphinium conſolida, with this phæ- 
nomena beſides, that the plantule and lobes are diſ- 
cerned in the condenſed liquor of the ſeeds, Strong 
ſuſpicion that this is the caſe in the Ixia, as is after- 
wards verified in ripe ſeeds | — 29 
xu. Seeds of the common pumpion appear in the fruit 
long before the female bloſſoms are expanded. Ana- 
lyſis of theſe ſeeds, whence it might be ſuppoſed that 


lyſis of ſeeds further advanced ; whence it appears, that 
the lobes and plantule are not viſible in a month after 
the withering of the flowers. Mucilaginous, and ap« 
parently organized. body, inſerted by one end into the 
apex of the ſeed, and by the other into the plantule 330 


x11. The ſame phenomena in the ſeeds of the cucum- 


ber. All the other plants, which the author had an 


opportunity of examining, alſo we that the feeds ap- | 


pear before fecundation, and the lobes and plantule af- 


terwards, Theſe reſults correſpond with Duhamel's | 
obſervation. Reaſons for ſuppoling this to be a law of 


Nature 18 - - 334 
xiv, The non-appearance of the plantule in ſeeds be- 
fore fecundation, ſeems a plauſible argument, that the 
plantule paſſes from the pollen to the ſeed, Motives 


for diſtruſting this argument tt 335 


, : - XV. Upon 


INZRATION or THE PLANTS DENOMINATTD BY LIN- 


VIII, IX» Radiſh and chick peaſe agree with the-fore-. 


the plautule and lobes appear before fecundation. Ana- 


1 N D E Xo 
xv. Upon examining the component parts of the fe. 
cundating duſt, there ſeems n& reaſon to think, that 
the embryos are concealed within. Means imagined 
| by the author to remove all doubt 6. "a7 


CHAP. II. 


GENERATION, OF SOME HERMAPHRODITE AND. Mondi 
cCous PLANTS, ON WHICH THE POLLEN NEVER ACTED, 


xV1, XVII. Lopping off the antheræ, when the bloſſoms 
of ſweet baſil are about to open, and preventing the 
acceſs of the pollen of other individuals, do not hin- 
der an individual from producing the ſame kind of 
ſeeds as are produced by others, not deprived of their 
antheræ — + 365540 | 342, 343 
XV111. Reaſons for ſuſpecting, that the pollen acts as a 
fecundating principle ſome time before the openingof 
the flowers. Verification of this ſuſpicion 


5 
XIX. The total want of pollen produces the ſame effect 


upon the ſeeds of the Hibiſcus Syriacus. It is not, 
therefore, the pollen which conveys the embryos into 
the ſeeds of theſe two plants — - 46 
xx, xxl. Seeds of the pumpion, with ſhield-form fruit, 
independently of the action of the pollen, produce 
. a plantule and lobes; and, when ſown, other fertile 
ſeeds 5 — — 348-350 
xx II. As alſo happens in the ſeeds of the citron- pumpkin, 
though the acceſs of the external air was prevented 350 


CHAP. I. 


j 


GENERATION OF CERTAIN PLANTS PRODUCING MALE 


AND FEMALE INDIVIDUALS, ON WHICH THE FECUNDA- 


apt 


FLUENCE, * 


III. 5 ee that the pollen of male hemp plants is 
ary to the fecundation of female individuals 358 
| | eee 
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xx1v. Other ſuſpicions {till ſtronger — 350 
xxv. Experiments of a French anonymous writer 361 
XXVI, XXVIT, XXVIII. Experiments on confined female 
plants of hemp — — 363-368-371 
xxlx. Perfect fructification of hemp, entirely indepen- 
dent of the action of the pollen — 


* 


xxx. Inſulated female ſpinaches produce fertile ſeeds 17 5 


xXXXI, XXX1I. Experiments to the ſame tendency 3785 377 
xxx111. Experiments of different tendency with female 
plants of mercury - 


3 2 79 
XXXIV. Approximation of the male individuals att 


to fecundate the ſeeds —— few _ 381 


xxxv. A nearer approximation produces more fertile 
ſeeds 6 382 
xxxV1, Experiment inverted — * ib. 


CHAP. v. 


RECAPITULATION. REFLECTIONS. 


xxxV11, The conſequences of theſe facts are, firſt, that 
the embryo does not at all depend for its exiſtence up- 
on the powder of the ſtamina ; therefore, ſecondly, 
the embryo exiſts in the ovarium independently of this 


powder; thirdly, nor is it the reſult of two principles, 
one depending on the pollen, and the other upon the 
piſtil, as others ſuppoſe - e 
xXxXVIII. Whether the embryo is formed mechanicall 
in the ovarium, or pre- exiſts there. Reply to ſome 
ſeeming proofs of ſuch a formation; direct proofs 


that though the embryo does not appear, it really 


exiſts; and when its organization cannot be ſeen, it 


is really organized — 388 
XXXIX. As the embryo is in moſt caſes viſibly attached 


to the ſeeds, there is reaſon to ſuppoſe, that it 10-91 
is, though the connecting media are either too ſmall, 
or too tranſparent to be viſible. As the embryo and 
lobes thus form one whole with the feeds, — 
: | 8 
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1 * D nw, - 
_ ſeeds exiſt before fecundation, it is highly probable that 


the embryo pre- exiſts likewiſe 302 
xl. The ſame conſequence deduced by Mr. Bonnet from 


a ſimilar obſervation. We cannot, notwithſtanding, | 


hope to diſcern the embryo before the opening of the 
bloſſoms © 4 | 1 


XLII. This pre-exiflence, which has been ſhewn in = 
plants, probably takes place ig all - 


* 4 


| 8 
XIII. The phænomena of baſil, and eſpecially thoſe of 


mercury, prove the neceſlity of pollen to the fecunda- 
tion of theſe plants, A phenomenon of the ſame kind 
_ obſerved formerly on a female turpentine-tree 


3 
XL111. A palm artificially fecundated by Mr. Gleditkch, 


The author's wiſh, that experiments of the ſame fort 
were made on mercury : and that that part of the pollen, 
which occaſions fecundation, ſhould be determined 401 


XI IV. And that Mr. Adanſon's opinion, that the mot 


minute particle of duſt is ſufficient for fecundation, 
ſhould be brought to the teſt of experiment 404 
XLv. And that it ſhould be tried upon mercury whether, 
as in Mr. Gleditſch's experiment, dry pollen will an- 
wer the purpoſe, and how long it retains its virtue. 
Reaſons for ſuppoſing that this virtue does not laſt 
long, eſpecially where the pollen is expoſed to the in- 
juries of the atmoſphere - - 405 


' XLvi. And to inquire, how the pollen paſſes into the 


ovarium; and, at the ſame time, to try the validity of 
an hypotheſis of Mr. Adanſon, and likewiſe to deter- 
mine, whether the piſtils of mercury, and ſome other 
plants, are imperforated, as he pretends — 4098 


XLvir. The non-appearance of ducts in certain plants, 


is not a clear proof of their non exiſtence. How they 
may be ſeen at ſome ſeaſons, and not at others. Inſtan- 
ces in the oviduRts of certain animals. At what ſeaſon 
they ſhould be ſought for - - 411 
xLVIII. To attempt artificial fecundation on the leaves 
and roots, &c. of mercury | 
xLIx. If mercury and — 1 pollen for their fe- 
cundation, the two ſpecies of pumpion, hemp, and ſpi- 
nach, are contrary inftances. The ſmallneſs and 
paucity of fertile ſceds of hemp, procured in a cloſe 


. apartment, do not depend on the abſence of pollen. 
| 5 Generel 


. 


Y — 
— 


Ly 


” * "ws 
. . — 


I N p 1 


General conſequence, that if many plants require the 


action of pollen for fecundatign, others do not 41 
I, LI, III, III. Reply to objections that may be ſtarted. 
Defective mode of reaſoning, hitherto employed to 
maintain the diſtinction of ſexes 418, 419-422-424 
Liv. This defect common among ſyſtematic writers. 
Different ways in which an adherent of ſyſtem, a 
an obſerver, examine Nature ” 5 m2 
Lv. Some plants requiring pollen, and others not, is 
perfealy conformable to what we every day obſerve in 
animals — Ws {85 +1 ny 
IVI. Highly improbable, that the fertile ſeeds obtabel 
by the author, ſhould be the product of antecedent fe- 
cundation. Conſiderations in proof of this 428 
LVII. Though it is proved, that the pollen does not ef- 
fect the fecundation of the above- mentioned plants, 
the author does not altogether deny the poſſibility of 


ſome ſort of fecundation; perhaps the piſtil has a 
fecundating principle. Reaſons for this conjecture. 


Exhortation to botaniſts 9 431 


IVIII. Herbaceous plants are a claſs of organized beings, 
which deſerve to be better known to Naturaliſts, for lit- 


tle more is known of them, than the bare nomenclature. 
How much a ſpirit of obſervation and experiment is to 


be preferred to the knack of nomenclature, if we wiſh 
to incteaſe the ſtores of uſeful knowledge = 433 
| . 1 
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Remarks on the abridgment of Mr. Demour's Obſerva- 
tion de deux animaux, dont le male accouche le fe- 


melle CES. OW (nd 441 
Debraw's diſcoveries on the ſex of bees — 454 
Part of a letter from the Abbe Spallanzani to the Marquis 

Luccheſini HR M0 473 
Obſervation on the fecundation of fiſnes 484 
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Passaces. in this VoLuMe. 
" Ly 


Page 10. Neither fecundation or impregnation of the 
egg, takes place -in any living body in Nature without 
the body of the female. h f =. 

Page 50. All things were created good. ET, 

Page 114. The male frog, firmly ſeated on the female, 
waits for diſcharge of the eggs; he then emits his em- 
bryos, ſuch as I obſerved them, they attach themſelves 


to the eggs, and feed upon them for a few days, till they 


are capable of taking coarſer food. Theſe embryos re- 
tain the figure which they had in the veſicle of the male 
for about a month ; they then change their ſhape like filk- 
worms. Their hind feet are next developed and ſepa- 
rated; the hind feet were at firſt united, and formed the 


tail of the. tadpole. 


Page 117. J. 14. He advances as ſerious truths, tales 
equally ridiculous with thoſe told by old women, as they 
ſpin by the fire-ſide | 


Ib. J. 24. I will therefore venture to aſſert, not only 


that Gautier had made little proficiency in the anatomy 
of the frog, but that he was ſcarce acquainted with the 


external form of this animal. | | 

Page 118. l. 4. Were it poſſible that Gautier ſhould re- 
late his diſcoveries toPythagoras, I firmly believe, that he 
would enjoin him ſilence, not for two or for five years, 
but for ever.. . | 

Page 126. As often as the female diſcharges any eggs, 
the male bedews them with ſced, as I have repeatedly ob+ 
ſerved at my houſe, with ſome admiration. 

Page 133. I reſign this Dr. Pirri to you. He is in 
geod hands, and you will be ſufficiently able to defend 
the goed cauſe of Nature. It is always a mark of te- 
merity to attack experiments by reaſoning. BE 
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Page 134. Laſtly, we have a demibnſtration, Which 
directly proves the exiſtence of the young in the female, 


at leaſt in birds. For the inteſtine of the young bird is a 
continuation of the membrane of the yolk, and the in- 
ternal coat of the inteſtine is a continuation of the epi- 
dermis, the external of the ſkin: in ſhort, it is the ſame 
as the membrane of the yolk. 


Page 252. Nature, when [I have been contemplating . 
her, has often perſuaded me to ſuppoſe nothing incredible | 


: 


which relates to her. | 
Page 420. Should the hemp, producing male flowers, 
be a, 5 before the ſeminiferous individuals have opened 


their piſtiliferous flowers, there will either be no crop of 


ſeeds, or only a very ſmall one. 

Page 426. We e e the obſerver from the ad- 
herent of ſyſtem. The latter builds whole ſyſtems upon 
a certain number of ſpecies: he concludes from parti- 
culars to generals, that is, he aſſigns to all plants the 
ſame properties as are poſſeſſed by thoſe upon which 
experiments have been made. The obſerver rejects all 


theories, and relies on obſervation and experiment alone. 


The perfection of botany eſſentially depends on the know- 
ledge of individuals related to each other, and their cha- 


racteriſtics. This knowledge will be acquired in pro- 


portion as the numbers of obſervers, which is __ in- 


conſiderable, ſhall increaſe, and the croud of ſyſtem- 


makers ſhall be leſſened. Syſtems of botany become 
obſolete in time, becauſe they are not chiefly founded on 
Nature and experiment. ; | 
Page 4.36. He was of opinion, that Natural Hiſtory 
does not conſiſt in a catalogue of animals, plants, and 
foſſils, but in the knowledge of their qualities. He 
therefore taught their ſtructure, analyſis, properties and 
uſe, without neglecting, however, ſuch marks as may 


enable us to arrange them in an index. Thoſe who com- 


mit to memory nothing but ſuch indexes, or are dexte- 
rous in turning them over, in vain perſuade themſelves, 


that they are in poſſeſſion of the book of Nature. 
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Toa "Os which the Tranſlator cannot now find, for impregnated, read | 
unimpreenated. The Context will —_ enable the Reader to er this Cor- 


reftion 3 in the proper Place. 
here ate alio a few Impropriet es in the PunQuaion, which the Reader 


is Wo deſired to correct. DES 97 755 
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